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The present invention comprises adjuvants which, when admixed with an antigen and administered into a human or ani- 
mal, will induce a more intense inmiune response to the antigen than when the antigen is administered alone. In many cases, the 
adjuvant that is desoibed as the present invention will increase overall titer of antibodies of a spedflc isotype which are spedfic 
for the antigen. For example, in mice, when the adjuvant of tiie present invention is admixed with a conventional antigen, tiie iso- 
type tiiat is induced in the mouse is changed from a predominantiy IgGl isotype to tiie more protective IgG2 isotype and, in some 
cases, IgG3 isotype. Ihus, by practidng the present invention, one can improve the overall protective effect of conventional vac- 
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IMPROVED ADJUVANTS AND VACCINES 



Technical Fidd 

The present invention relates to vaccine adjuvants and to 
improved vaccines that use the adjuvants. The adjuvants can be designed so 
that the immune response is predommandy antibodies of a desired isotype; e,g,^ 
IgG2 or IgG3 iso^es in mice or the corresponding isotypes in man and other 
animals, thereby inoproving protection by a vaccine. In addition, the in5)roved 
vaccine and adjuvant of the present invention provides long lasting protection. 

Background Art 

The term "antigen" is defined as anything that can serve as a 
target for an immune response. The immune response can be either cellular or 
humoraL The term "vacdne** is defined h^in as a suspension or solution of 
antigenic moieties, usually consisting of infectious agents, or some part of die 
infectious agents, tiiat is injected into the body to produce active immunity. The 
antigeiuc moiety making up the vaccine can be either a microorganism or a 
natural product piuified firom a microorganism, a synthetic product or a 
genetically engineered protdn, peptide, polysaccharide or similar product The 
xsxm "cell mediated immimity'' is defined as an immune response mediated by 
cells rather tiian by antibody. It includes, but is not limited to, delayed type 
hypersensitivity and cytotoxic T cells. The term "adjuvant" as used herein is 
any substance whose adntuxture with an injected inmiunogen increases or 
otherwise modifies die immune response. A "hapten'* is defined herein as a 
substance tiiat reacts selectively with appropriate antibodies or T cells but the 
hapten itself is usually not immunogenic. Most haptens are small molecules or 
small parts of large molecules, but some macromolecules can also function as 
h^tens. The term "conjugation" is defined herein as the covalent or other form 



of linking two or mare molecules. It can be accomplidied either by chemical 
means or in vivo by biologic means such as genetic engineering. The term 
*isotype"isasubQrpeofanantibody. The temi "lipopolysacchaiide" (LPS) is a 
anq)hipatfaic g^ycophospholipid obtained firom the outer membrane of gram- 
negative bacteria which has a hydrophobic moiety called lipid A and a sugar 
moiety (polysaccharide or oligosaccharide). The term "non-toxic LPS" is 
defined as an LPS with very low toxicity based on one or more measurements 
of 50% lethal dose in anunals (LD50), 50% chick onbryo lethal dose 
(C:MJ)5o),pyix>genirity in rabbit, or dermal Shwartzmani^^ Thcinvitro 
measurements of the induction of either/both tissue necrosis factor and ILr 1 by 
macrophage can also be used to determine die toxicity of LPS. The term 
"detoxified IJ>S" is defined as being LPS widi reduced tox^ 
modification of the structure of lipid A moiety, ix^ iraioval of one phosphate 
group, removal of one to three fatty acyl groups, the introduction of new 
functional groups (e.g., metiiyl, acetyl, alcohol and die like), or partial 
reduction or oxidation. 

An effective vaccine must induce an tqypropriate response to the 
correct antigen or antigens. There are several distinct types of immune 
responses which vary in tiicir ability to confer protection against particular 
diseases. For example, antibodies may confer protection against bacterial 
infections, but cell mediated immunity is reqmred firtr ftlinrinarin g the body 
many viral infections and tumcHS. There are multiple distinct types of antibody 
and cell-fflediatedinmmi» responses. Cell-mediated responses are divided into 
two basic groups: 1) delayed-type hypersensitivity in which T cells act 
indnecfly via macrophages and other cells or cell products, and 2) cytotoxicity 
in which specialized T-cells specifically and direcfly attack and kill infected 
cells. 

There are five major classes of antibody: IgM, IgG. IgE, IgA 
andlgD. These classes have distinct fimcticMis in die immune response. IgG, 
tiie dominant class in die blood, is subdivided into several different subclasses 
orisotypes. In mice, tiiese isotypes are IgGl, IgG2a, IgG2b, and IgG3. In 
humans, tiieisotypes are IgGl,IgG2,IgG3 and IgG4.l Similar isotypes have 
been defined in most otiier mamTnnlian species in which they have been 
investigated. The nomenclature of IgG isotypes is differau in different species 
because die names were coined before the structure or function of die antibody 



isotypes were understood Althougji much sdll remains to be learned, the IgG 
isotypes appear to be highly conserved among mammalian species. 

The IgG isotypes differ in their ability to confer protection to 
particular infections. IgG2a and IgG2b in mice activate complonent, mediate 
antibody mediated ceU mediated cytotoxicity and other functions. They are 
particularly effective in conferring protection against many bacterial, viral and 
parasitic infections. The counterparts in humans appear to be IgGl and IgG3. 
In ccntrast, murine IgG3 is particularly effective in conferring protection against 
bacteria widi polysaccharide coats such as the pneumococcus. The human 
counterpart seems to be IgG4. Isotypes such as IgGl in mice do not fix 
conipl^CTt, neutralize toxins effectively, but are markedly less effective for 
many bacterial and viral infections. Because the different IgG isotypes differ 
markedly in their aMity to confer immunity, it is important that vaccines induce 
the most appropriate isotype for a particular infection. Even though the 
rKmiendature is different, available evidence and rnodem 
properdes of immunogens whidi determine the isotype of andbody produced 
are similar across mammalian species. In other words, an immunogen which 
stimulates delayed ^pe hypersensitivity or complement fixing IgG antibody m 
one species wiU generaUy stimulate similar responses in otiier species. 

Biosynthetic and recombinant DNA technology is permitting 
development of vaccines possessing antigenic epitopes that were previously 
impossible to produce. Current vaccine candidates include virtually all 
infectious agrats, allergens and even host components such as hormones and 
molecules involved in autoinunune diseases, cancer and other diseases. The 
infections agents include, but are not limited to, viruses, bacteria, parasites, 
rickettsiae and fungi. Hormones are being evaluated as vaccines for diverse 
purposes such as prevention of pregnancy and treatment of disease. Vaccines 
for treatnient of cancers, sudi as nieianoma, are being evahiated in animals a^ 
man. In each case, optimal effect of the vaccine depends upon stimulating the 
appropriate type, intensi^ and duration of the immune response. 

The work on the parasitic disease malaria is especially impoTtant 
Tins disease affects in excess of 200 million people per year worldwide and is 
the most important disease in the world in terms of morbidiQr and loss of work. 
The techniques of genetic engineering have been used to identify, and now to 
produce in substantial quantities, several peptides and proteins associated with 



malarial parasites. In particular, a twelve 

flminfi acid peptide fioui Ac sporozoite 
stage has been determined to carry an important antigenic site. Antibodies 
against diis particular peptide can ]dU the parasite imniediatel^ 
Unfortunately, this peptide, by itself, does not produce an adequate immune 
response. Each q)ecies of nsalaria has a different peptide, but die ch^^ 
structure and repeat units is found in all of them. 

In an effort to induce an effective immune response to the 
sporozoite peptide, the peptide has been conjugated with carriers and 
administered with adjuvants. To date, however, the adjuvants used with the 
peptide or peptide conjugates have not produced satisfactory r^ults. Similaily 
important antigens have been identified on the blood stages of malarial 
parasites, but available vaccine formulaticms have been unable to induce 
protecdve immunity . 

Human inununodeficimcy virus (HIV) causes AIDS. Many 
recombinant and peptide antigens have been prepared fiom HIV. There is 
evidence that antibodies against these antigens can neutralize the virus and that 
the body's inmiune response is able to prevent or control infectioiis. However, 
generally effecttve vaccines to induce protective immune reqxinses against HIV 
have remained an elusive goaL Hemophilus influenza and pneumococcal 
p/ia(moma provide ftntha:exaxiq)les. The important antigens of these bacteria 
are polysaccharides wUch elidt protective imnme responses poorly in iiifai^ 
and elderly persons who are in most danger from these infections. Similar 
situations exist for numerous odier viral, bacterial and parasitic infections in 
addition to tumors and otiier diseases wluch can be modulated by immune 
responses. Modem science has provided the means to identify and produce 
antigens fitan most conditions which are influenced by immnne responses. The 
fidlme of many new antigras to induce optimal protection has highlighted an 
increasing need for means to influence the type, intensity, and duration of 
immnne response produced by vaccines. 

Thus, interest has arisen in the development of potent, nontoxic 
adjuvants that will enhance, and pertiaps more importantiy, modulate the 
immunograidty of h^tenic epitopes. In addition, adjuvants are needed for use 
witii conventional vaccines to elicit an earlier, nKxre potent, or more prolonged 
response of the appropriate type. Such an adjuvant would also be useful in 
cases where antigen supply is hmitedor is costiy to produce. 



The development of adjuvants has, until recently, been 
empiiicaL An enormous number of compounds have been found to modulate 
the inmiune response. These compounds have been notably diverse in both 
substance and function, a fact that has conxplicated attempts to discover the 
unifying mechanisms of adjuvant acdon. The eluddadon of these mechanisms 
has lagged behind recent advances in the understanding of die inmiune system* 

This diversi^ of adjuvants has pres^ted difBculties in their 
classificadon. Adjuvants are occasionally grouped according to their origin, be 
it mineral, bacterial, plant, synthetic, or host product The first group under diis 
classification are die mineral adjuvants, such as aluminum compounds. The first 
use of aluminum compounds as adjuvants was described in 1926. Since that 
time antigens precipitated with aluminum salts or antigens mixed with or 
adsorbed to performed aluminum compounds have been used eictensively to 
augment immune responses in aniirials and humans. Aluminum compounds 
and similar adjuvants appear to work through the following mechanism. The 
aluminum physically binds to die antigen to fomi particles. These form a depot 
of antigen in tissue following injection. Excretion of the antigen is slowed, 
thus prolonging the time of interaction between the antigen and antigen- 
presenting cells such as macrophages or foUicular-dendritic cells. In addition, 
immunocompetent cells are attracted to the area of injection and are activated. 
Aluminum particles have been demonstrated in regional lymph nodes of rabbits 
seven days following immunization, and it may be that another significant 
fimction is to direct antigra toTcell ccHitaining areas in die nodes themselves. 
Adjuvant potency has been shown to conelate with inflammation of die draining 
lyn9>h nodes. While many studies have confirmed that antigens administered 
widi aluminum salts led to increased humoral immunity, cell m^^ ^t^ immunity 
appears to be only slightiy increased, as measured by delayed-type 
hypersensittvity. Aluminum hydroxide has also been described as activating the 
complement pathway. This mechanism may play a role in the local 
infl a mm atory response as well as immunoglobulin production and B cell 
memory. 

Primarily because of their excellent record of safety, aluminum 
compounds are presentiy the oidy adjuvants used in humans. They are, 
however, not without problems. Aluminum containing vaccines occasionally 
cause local reactions. Although aUergic manifestations are not usually a clinical 



problem, aluminum con^unds have been also said to attract eosinophils to die 

aiea of iigecdcii via a TK:eUHiq)endem niediamsni, to ^ 

injected after antigen primings and to elicit a caiiier-spedfic 

helper function for IgE response. In addition, aluminum-containing vaccines 

cannot be lyc^hilized, thus necesatating zefiigenUed transport and storage widi 

the resulting risk of contaminaticm. 

Rnally, and most importantly, aluminum compounds are not 
always successful in imhidng sustained protection fiom disease. This is due, in 
part, to dieir inability to induce Ae most qypropnate isotypes of antibody or die 
optimal type of cell-mediated immunity. Thus, \)rfnle aluminum salts have been 
a sufBcient adjuvant for strong immunogras that ropiirc only andbody 
respcmses to elicit protection, they are not effective when used with weak 
immunogcns like synthetic peptides of malaria arfiprintrpducmg cell-mediated 
immune responses or IgG isotype of the typercqmred tofis^ infecticms. 

Another large group of adjuvants are those of bacterial origin. 
Adjuvants with bacterial origins have recently been purified and syndiesized 
(e.g. muramyl dipeptides, lipid A) and host nt^diators have been cloned 
(Interieukin 1 and 2), providing chemically diaracterized products for study. 
The last decade has brought significam inrpgress in die d^xiu^ 
three adjuvants of active components of bacterial origim Bordetella pertussis, 
l^XJpolysaccharide and Freund's Complete Adjuvam (FC^ 

B. pertussis is of interest due to its ability to modulate cell- 
mediated immunity dirough action on T-lymphocyte populations. For 
lipopolysaccharide and Freund's Comply Adjuvant, adjuvant active moieties 
have been identified and synthesized which permit study of structure-function 
relationships. 

Lipopolysaccharide and its various derivatives, including lipid 
A, have been found to be powerful adjuvants in combination widi liposomes or 
other lipid emulsions. It is not yet certain ipf^iedier derivatives widi suffidendy 
low toxidty for general use in humans can be produced. Freund's Complete 
Adjuvant is the standard in most experimental studies. However, it produces 
severe local and systemic inflammatory reactions which may be severe enough 
to cripple or kill die host It cannot be used in humans and may be banned for 
use in animals. 



Many other types of materials have been used at various times as 
adjuvants. They include plant products such as saponin, animal products such 
as chitin and numerous syndietic chemicals. The source of an adjuvant among 
these categories has not proved particularly useful in predicting its biological 
properties. 

Adjuvants have also been categorized by their proposed 
mechanisms of action. This type of classification is necessarily somewhat 
arbitrary because most adjuvants appear to function by more than one 
mechanism. Adjuvants may act tiiroug|i antigen localization and delivery, or by 
direct effects on cells making up die inmiune system, such as macrophages and 
lymphocytes. Another mechanism by which adjuvants rahance die immune 
response is by creation of an antigen depot. This sppeais to ccmtribute to die 
adjuvant activity of aluminum compounds, oil emulsions, liposomes, and 
syndietic polymers. The adjuvant activity of lipopolysacdiarides and muramyl 
dqieptides appears to be mainly mediated diroug^ activation of the macrophage, 
whereas B. pertussis affects both macrophages and lymphocytes. Recent and 
speculative ^proaches to inununopotentiation, such as the utilization of 
monokines and lymphokines, and the manipulation of the antigen, carrier, and 
adjuvant to augment the immune response are currendy fashionable. 

Small immunog^ such as die synthetic pq)tide of malaria, can 
be attached to larger proteins or odier carriers to increase the immune response. 
The relaticMiship between molecular size and oonq)l^ty of an antigen relative to 
immunogeiucity reflects the availability of antigeiuc determinants on the 
molecule. This relationship was first noted by Landsteiner when he 
demonstrated the need to cotnpl&i small radicals with larger (carrier) molecules 
to stimulate an immune response. However, the mechanistic basis for the 
requhnmient was to await experiments that demonstrated the carrier effect and 
the need for a minimimi of two antigenic d^eiminants on a molecule to express 
immunogenicity. These determinants represrated the carrier and haptenic 
determinants that interact wifli T and B lymphocytes, respectively. However, 
the influence of the carrier moiety extends beyond simple antigenicity through 
activation of T cells in T-depradent humoral responses. 

The combination of determinants on an antigen molecule can 
influence the immune response by differential activation of various types of 
helper and suppressor T cells. A model system demonstrating this effect is the 
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graetically ccmtrolled humoral response of responder (CS7B1/6) and non- 
responder (DBA/I ) mice to the synthetic terpolymer 1-glutamic acid^-L- 
alanine30-L-tyrosinelO (GAT). While C57B1/6 mice respond to this 
polypeptide, DBA/1 mice will respond only if die GAT is coupled to methylated 
bovine serum albumin (MBSA). However, if die mice are injected with GAT 
prior to immunization with GAT-MSBA, a detectable antibody response to 
GAT does not occur. The explanation for these observaticms is that GAT 
stimulate helper T cells in the responder mice but preferentially activates 
suppressor T cells in non-responder mice. This predominance of suppressor 
cells prev»ts a response to GAT even when coupled to MBSA. However, if 
primary immunization is with GAT-MBSA, activation of helper T cells by die 
carrier moiety provides help that overrides die effect of any suppressor cells 
activated by GAT. 

Detemunants associated widi a native protein molecule h^^ 
been demonstrated to contribute differently to help and suppression. 
Conjugation of an immunogenic carrier to an antigen can change the isotype of 
antibodies produced in response to that antigen. Purified polysaccharides finom 
many encapsulated bacteria are thymus-independent antigens due to their 
polynuric nature with multiple repeating antigenic detemiinants. While they 
represent protective antigens of these bacteria, the IgM antibodies produced 
have linoited eEBcacy in preventing disease. This is largely due to di^ 
to stimulate immunologic memoiy or adequate immune responses in very young 
or old individuals who are at high risk from the infections. Therefore, 
polysaccharides bomNeisseria meningitidis mdHaenuq)hiIus iifiuenza typo b 
have been conjugated to proteins, such as tetanus toxoid. These conjugated 
preparations act as thymus-dependent antigens and induce IgG responses to the 
polysaccharide moiety as well as immunologic memory. They also induce 
refuses in young or old individuals. likewise, tiie tiiymic-independent 
polysaccharide capoers have Htfle potential for enhancing the immunQgenidty of 
pq)tides, such as those involved with malaria which require thymic-depradrat 
IgG immune responses. 

Publications by Feldmann and Lee and otiiers state that flagella 
antigens of Sabnondla organisms are typical thymic-independent antigens 
which stimulate strong IgM antibody responses.^ They stimulate only late 
maturing B cells i»Uch are absent fiomin&nts. Such immunpgens also tend to 
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induce toloxmce in infants and do not induce memory or other aspects of the 
complex immune responses induced by diymic-dependent antigens in adults. 
This published data would lead one to believe that they have little potential as 
adjuvants or carders for malaria peptides or other small andgens which require 
S tfaynnc-dqimdratlgG antibody responses. 

There probably is no precise point of transition that distinguishes 
a carrier firom an adjuvant The Carrie moiety is contributory to a property of 
antigens tiiat has been termed intrinsic adjuvantidty. The capacity of certain 
myitrnalg to convert a tolerbgen to an immunogen has been termed as extrinsic 

10 adjuvanticity. Adjuvantidty can be enhanced by increasing die size of the 

antigen through aggrpgationof proteins or adsorption to immunog^c or inert 
carxim. Thus materials, such as aluminum hydroxide, latex particles, 
bentonite, or liposomes tiiat adsorb antigra and enhance die immune response, 
are tamed adjuvants. However, this observed effect of aggregation of antigen 

15 represents only a limited view of adjuvant actions which are now recognized as 

being extremely coaq)lex. 

Small peptides and other haptens are incapable of evoking a 
strong immune response without the use of an adjuvant Most adjuvants that 
are currmtiy available are toxic and/or do not evoke an immune r^ponse that is 

20 effective in protecting the animal or human against infection with the infectious 

agent Thus, what is needed is a vaccine whidi can be administered to an animal 
or human and will cause the immune syston to mount a prolonged and potent 
innnune response of the conea type against an appropriate antigen. 

Large hydrc^hofaic noiuonic block copolymer surfactants have 

25 hc&a shown to be effective inmiunologic adjuvants which are potentially useful 

inman.^>^*6 They ^pear to act as adhesives which bind protein antigens to the 
surface of ofl drops and/or cells in a way which facilitates antigen presentatiort 
Previous studies have demcHistrated that these copolymers can induce high titer, 
long lasting antibody responses. Interestingly, dosdy related copolymers have 

30 only weak activity, are not adjuvants, or induce inappropriate responses or 

tolerance. This inakes prediction of adjuvant activity corxqdex and iriq>recise. 

Qnemi£^tpredict that adjuvants whose primary activity was cell 
stimulation or imnuinomodulation might work well in combination widi the 
adhesive copolymff adjuvants. The combination of copolyma: PLURONIC® 
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L121 with a thiecmyl derivative of MDP has been reported to induce better 
lespcmse, particolady a ceU mediated immnne response 

lipopolysaccharides aie well-known as B cell mitogens with 
pronoonced effects on madophages.^ Its adjuvant activities have been know 
for many years, but its use has been limited by toricity and vai^ It 
has been reported in several articles and reviews that the biological activity of 
the lq>opolysaccharides resides in the lipid A portion of die Iqxspoly saccharide 
molecule.^ Several strategies have been developed for reducing the toxicity of 
LPS pr^arations while maintaining tiieir adjuvant activity. They include the 
removal of a phosphate groiq> firom Upid A to produce mono]^^ 
(NIFL) or die removal of one or more &tty acid chains fixim the UpM 
Sonae types of LPS, particularly diat firon Rhodopseudomoms sphaeroides^ 
have an altered lipid A and axe inherendy non-toxia 

The isotype of antibody is veiy iniportant in resistance to many 
infections, but litde is known about how to produce a particular isotype 
response. IgG2a has been associated witii being a protective iso^pe for a 
varies of pathogens, including trypanosoma cruzi,!^*!^ T. muscidfl^ and 
Plasmodium Yoeltt (malaria) and the bacterium Brucella. IgE antibodies are 
particulariy toxic for parasites in mice. Many parasites including helmintiis, 
schistosonies, and nematode larvae naturafly stimulate predominantiy I and 
IgE antibodies. The production of IgGl and IgE ai^iear to be linked. Each 
isotype has functional advantages which may be appr o p r i ate for neutralizing a 
particular infectious agent IgG2a binds most avidly to maqpophages, which 
may influence antibody depqidttit cell mediated cytotoxicity and phagocytosis 
and can activate conq)lanent The xnurinelgGS isotype is particularly effective 
in protecting against infections with encapsulated bacteria such as S. 
pneumoniae. 

finally, diseases caused by Streptococcus pneumoniae are 
among the most inqxmant bacterial infections of infancy and childhood. A 
multivalent vaccine containing capsular polysaccharides fiom 23 types of 
pneumococci is widely used today. Several studies show that the efficacy of 
the vaccine in preventing bacteronic illness was 0% in children 2-10 years of 
age and 49% in posons older than 10 years. There is no convincing evidence 
that the vaccine is effective for the cbrraically ill and studies have shown that 
diere is no bei^St for tte elderiy and the institutionalized patients. 
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By themselves, capsular polysaccharides are thjnnus 
indepradent type 2 (n-2) antigens which are poorly inunonogenic in the very 
young or very okL TI-2 antigens induce only a restricted number of isotypes, 
mainly IgM They induce only a weak memory response, or no memory 
response, and tolerance is easily induced 

Thus, what is needed in the vaccine art is a composition and 
method of administering vaccines so that the most efficacious and protective 
antibody isotype is induced. The vaccine should also be enable of inducing a 
long-lasting titer of antibodies. 

Summary of the Invention 

The present invention comprises a vaccine adjuvant which, 
when admixed with an antig^i and administered into a human or animal, will 
induce a more intense immune response to the antigen than when tiie antigen is 
administered alone. In many cases, die adjuvant that is described as the present 
invention will increase overall titer of antibodies specific for die vaccine antigen. 
For example, when the preset invention is practiced with a conventional 
antigen, the isotype that is induced is changed from a predominantiy IgGl 
isotype to the more protective IgG2 iso^pe and, in sonae cases, IgG3 isotype 
or the corresponding isotype in other species. Thus, by practicing the present 
invention, one can improve the overall protective effect of conventional 
vaccines. 

In addition, the preset invention is particularly effective in 
inducing protective antibodies against peptide antigens including, but not limited 
to, (asparagine-alanine-glycine-gj[ycine)5-tyrosine [(NAGG)5] malaria antigen. 
Itiseffectiveforawiderangeof antigens and types of antigens. Thisincludes 
polysaccharides, such as pneumococcal polysaccharide, oligosaccharides, 
protdns, peptides, and natural or synthetic h^tens or conibinations of these 
materials. 

The present invention comprises an adjuvant and a vaccine 

which is comprised of an antigen and an improved adjuvant In one 

embodiment of the present invention, the antigen is admixed with an effective 

amount of a sur&ce-active copolymer having the fallowing general formula: 

HO{C H O) (C H O) (C^H Oy H 
^ 2 4 'b^ 3 6 'a 2 4 'b 
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wherein the molecolar wdght of the hydrophobe (C3H6O) is 
between approximately 4500 to 9000 and the percentage of hydrophile 
(C^PaO) is between ^rproximately 3% and 15% by weight 

The inptjved vaccine of the present invention ato 
5 antigen and an adjuvant wherein the adjuvant conqirises a surface-active 

copolymer with die following general fcnnula: 

HO(C^H^O)^(C3H^O)JC^H^O)^H 

wherein the molecular weig^ of the hydrophobe (C3H6O) is 
between approxinuitely 3000 to 9000 and the percentage of hydrophile 

10 (C2H4O) is between approximately 3% and 15% by weight which is 

formulated as a water-in-oil emulsicm. The copolymers destabilize commonly 
used water-iuKnl vaccme emulsions, but surpiisingly increase 
increase stability if die usual emulsifying agents are omitted. 

It is also contemplated as part of the present invention an 

15 adjuvant comprising a non-toxic lipopolysaccharide. The non-toxic 

lyopolysaccharidc can be a naturally occoning lipopolysaccharide, such as die 
lipopolysaccharide derived from Rhodopseudomonas sphaeroides, oar a 
detoxified lipopolysaccharide. It is ccHitCTq)Iated that die adjuvant is prq>ared 
fipom a toxic lipopolysaccharide wherein die sugar portion of the molecule is 

20 intact and the lipid A portion of the molecule has been modified thereby 

rendering the Kpopolysaccharide much less toxic. 

The iii^Hoved vaccine of die present invention also cotxqnises an 
antigen and an adjuvant i»4ierein the adjuvant conqmses a surface-active 
copolymer widi die following general fonomla: 



25 



HO(C H O) (C H O) (C H O) H 



wherem the molecular weight of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the pocentage of hydrophile 
(C2H4O) is between approximately 3% and 15% by weight and a 
lipopolysaccharide derivative. The adjuvant comprising a combinaiicMi of 
30 LPS and surface-active copolymer produces a synergy of effects in terms of 

peak tit^, time to reach peak titer and lengdi of time of lespcmse. Inadditicm, 
the combination tends to increase the protective IgG2 isotypes. 

The combination of lipid conjugated polysaccharide with 
copolymer and an immunomodulating agent such as monophosphoryl lipid A, 
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induces the production of a strong IgG response in which all of the subclasses 
of IgG are present In particular, the IgG2 and IgG3 subclasses which are 
protective against pneumococcal infections are predominant. This is an 
une7q)ected finding because there is no protein or peptide in the immunogen 
preparation. It is believed that pq>tide nu^ieties are essential for stimulating T 
cells which are required for production of these isotypes. Others have reported 
that polysaccharides are incapable of stimulating T cells. Nevertheless, the 
combination of copolymer, lipid conjugated polysaccharide and 
immunonK)dulating agent is able to produce such a response. 

Tlie present invention also comprises a vaccine that is especially 
useful for inununizing an animal or human against a protein, small peptide, 
polysaccharide, or hapten. According to the present invention, the protein, 
small peptide, polysaccharide or hapten is conjugated to the flagella that is 
derived firom a microorganism. The flagella may be d^ved firom any flagellated 
microorganism; however, those fiom Salmonella species are preferred. 

In addition, the flagella may be genetically engineered. 
Accordingly, it is an object of the present invention to provide a vaccine tiiat is 
particularly effective in providing a prolonged and potent inmume response to 
small immunogenic determinants. The conjugated flagella plus antigen is even 
more effective when admixed with a copolymer with the following general 
formula: 

wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 30(X) to 9000 and the percentage of hydrophile 
(C2H4O) is between approximately 3% and 15% by weight and a 
lipopolysaccharide (LPS) derivative. The adjuvant comprising a combination of 
LPS arid surface-active copolynier pn)duces a synergy of effects both in teriii^ 
of peak titer and time to reach peak titer. In addition, the combination trads to 
increase the protective IgG2 isotypes. 

Accordingly, it is an object of tiie present inv»tion to provide an 
improved adjuvant for administering with antigens comprising an adjuvant 
equable of inducing mate intense immune responses to the antigens. 

Another object of the present invention is to provide a vaccine 
which induces stronger antibody responses to antigens in infants and young 
cfaildrra and in aged people who respond poorly to convmtional vaccines. 
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Another object of the present invration is to provide an adjuvant 
that will induce desired isotypes of antibodies. 

Another object of die present invention is to provide an adjuvant 
and vaccine which will induce protective inrnmnc. xesponses in very young and 
aged individuals who respond poorly to conventional vaccines. 

Ariother objea of the present invention is to provide an adjuvant 
and yacdne which will induce an appropriate balance of antibody and cell 
mediated immunity thereby providing the m^ximpiyi protection against a 
particular disease. 

Anodier object of the present inventk>n is to provide an adjuva^ 
that will induce longer lasting antibody populations. 

AncKher object of the present invoition is to provide a ^ective 
vacdne that can utilize a lecornbiiiant protein or a syiulietic pq)^^ 
sustained inunune response enable of protecting an individual finom infection 
by the malaria parasite. 

Anodier olgea of the present iiivention is to provide an effective 
vaccine that can utilize a synthetic peptide of the AIDS virus lo produce an 
immune response that is effective in preventing the disease. 

Yet another object of the present invention is to provide a 
vaccine that is ctqpable of stimnlaring the immune system of an animal or human 
to produce a potent and prolonged IgG response to a small inmmnogenic 
detraminant, such as a pq>tide» hapten or polysaccharide or a large molecule 
such as a protein or polysaccharide* 

Anotiier object of the present invention is to provide a vaccine 
which has very low mnd^ for hutnaxis or animals. 

Yet another object of the present invention is to provide a 
vacdne which causes litde or no local allergic reaction. 

A furdier object of the presrat invention is to provide a vaccine 
which can be lyophilized. 

Another object of the present invention is to provide a 
replacanent for Reund's Complete Adjuvant for tte production of antibodies in 
animals. 

It is yet another object of the present invention to provide an 
adjuvant that win induce desired antibody isotypes. 
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Another object of Ae present invention is to provide an adjuvant 
that can be used with a conventional vaccine preparation. 

These and other objects, features and advantages of the present 
invention will become apparent after a review of the following detailed 
S description of the disclosed embodimrat and the appended clainos. 

Brief I>esGription of the Drawings 

Fig. 1 is a graph illustrating the antibody titer in a mouse 
immunized with tiinitrophenol (TNP) conjugated to flagella protein from 
10 SabnonelkL 

Fig, 2 is a graph illustrating the dose response of a mouse 
inmmnized with TNP conjugated to flagella protein from Salmonella. 

Hg. 3 is a graph comparing the immune response of a mouse 
immunized with TNP conjugated to hen egg albumin (HEA) and TNP 
15 conjugated to flagella protein finom Salmonella. The gr^h also compares using 

the two compounds with and without the adjuvant T150RL 

Fig. 4 is a graph illustrating the production of IgG antibody 
response in mice in response to immunization with TNPio-HEA and various 
adjuvants. 

20 Rg. 5 is a graph illustrating the adjuvant effects of copolymers 

with lyophilized TNPiQ-HEA antigen in oil-in-water emulsions of 2% 
squalane. 

Fig. 6 is a graph illustrating the adjuvant effects of an oil 
emulsion of silica with and widiout sdected copolymers. 
25 Hg. 7 is a graph comparing copolymer adjuvants administered 

witii soluble antigen, TNPiqHEA. 

Fig. 8 shows die influence of molecular weight of POP on 
antibody titer to TNPioHEA. 

Fig. 9 shows the chemical structure of lipid A derivatives 
30 including Iqrid X, lipid IVA, monpphosphoryl l^rid A and (hexacyl MPL). 

Fig. 10 shows the structures of rough chemotype 
lipopolysaccharides of Enterobacteriaceae (SR to Re). Abbreviations: S, 
sugar; Glc, glucose GlcNAc, N-acetyl glucosamine; Gal, galactose; Hep, L- 
giycero-D-maimoh^tose; P, phosphate; EtN, ethanolamine; KDO, 2-keto-3- 
35 deoxyoctonate; GlcN, glucosamine; R, and R2, phosphoethanolamine or 
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ainmoaiahiiu>se (not prcsem in £.co/i). SR to Re indicates inc»mplete fonns or 
rough chemotypes of LPS. The Rc and Rdi chemotypcs lack the phosphate 
attached to Hep. 

Rg. 11 shows the structnrc ofR. sphaeroides LPS. 

Hg. 12 shows the structure of detoxified RaLPS. 

Rg. 13 shows the IgG response on day 28 when TNP-HEA is 
administered to mice with and without detoxified RaLPS and/or L141 
copolymer. 

Rg. 14 shows the isotype respcmse to TNPioHEA induced by 
whole toxic lipopolysacchaiide and detoxified RaLPS with and without the 
copolymers present 

Rg. 15 shows the IgG isotype concentrations to TNPiqHEA 
induced by L141 and/oarlDMincombinatianwithMPL. 

Rg. 16 shows the adjuvant effect of small LPS derivatives on 
the response to TNPioHEA. 

Rg. 17 shows the adjuvant effect for TNPiqHEA of larger LPS 
mutam of defined chain Iragflis in comHiiatiOT wiA copolymer L14^^ 

Rg. 18 shows adjuvant effect for TNPioHEA of fiactions of 
the largest LPS's containing varying amounts of O-polysaccharide in 
combination with copolymer L141. 

Fig. 19 shows the changes in intensity and IgG isotype 
distribution to different molar ratios of peptide ccmjugated to flagella. 

Rg. 20 shows a conqmrisoa between an adjuvant preparation 

according to the present ravention and scvOTl conmne«^ 
preparations. 

Fig. 21 shows die effea of detoxified LPS on an imTnnfif t 

response. 

Rg. 22 shows dose reqKmse of detoxified LPS. 

Fig. 23 shows die effect of LPS plus L141 on an immune 

response. 

Rg. 24 shows the effect of LPS isolated from R. gelatinosa in 
combination with L141 on an immune reqxmse. 
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Detailed Description 

The present invration comprises an inqroved adjuvant Inom 
embodiment of the present invention, an antigen is admixed with an effective 
amount of an adjuvant, the adjuvant comprises a surface-active copolymer 

having the following general fiormula: 

HO(C^H^O)^(C3HO)JC^H^O)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 4500 to 9000 and the percentage of hydrophile 
(C2H4O) is between approximately 3% and 15% by weight The copolymers 
may be obtained from BASF Corporation, Parsippany, New Jersey or from 
CytRx Corporation, Atlanta, G A. 

A preferred surface-active copolymer is a copolymer designated 
PLURONIC® L141 wiA the following formula: 

HO(C H O) (0 H O) (0 H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 

wherein the molecular weight of the hydrophobe (C3H6O) is 

approximately 4600 and the percentage of hydrophile (C2H4O) is 

approximately 10% by wdght 

Another preferred surface-active copolymer is a copolymer 

designated H-URONIC® L180.5 with the following formula: 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 5200 and the percentage of hydrophile (C2H4O) is 
approximately 5% by wdght 

Another preferred surface-active copolymer is a copolymer 
designated PLURONIC® L181 J widi the following fomiula: 

HO(C H O) (0 H O) (0 H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular wdght of the hydrophobe (C3H6O) is 
approximately 5200 and the percentage of hydrophile (C2H4O) is 
approximately 15% by wdght 

Another preferred surface-active copolymer is a copolymer 
designated RURONIC® L190^ with die following formula: 

HO{C H O) (C H O) (C H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 'b 
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wherdn the molecular weight of the hydrophobe (C3H6O) is 
approximately 8600 and the percentage of hydrophile (C2H4O) is 
approximately 5% by 

An adjuvant fomiulati<m which is contemplated as part of the 
present invention is comprised of cnl such as animal oil, such as squalane or 
squalene, vegetable oil or mineral oil, a non-ionic surface active agent suitable 
for forming water-in-oil emulsions such as Span 80 (sorbitan mcmooleate), 
silica and a surf ace active copolymer with &e following gene^ 

HO(C H O) (C H O) (C H O) H 



wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the p^centage of hydrophile 
(C2H4O) is between ^^proximately 3% and 15% by weight In addition, die 
surface active copolymer can be an octablock copolymer with die following 
15 general foamda: 

(C2H40)3(C3HgO). y(C3H60)b(C2H40)a 

NHX-CNH2 

(C2H40)3(C3H60)/ ^(C3H60)b(C2H40)a 

wherein: 

20 the molecnl ar wd^t of the hydro{dK)be portion of the octablock 

copolymer consisting of (Q3H6O) is between approximately 5000 and 7000 
daltons; 

a is a number such that the hydippMle portion represented by 
(C2H4O) constimtes between approximately 10% and 40% of the total 
25 molecular wdght of the CQoqxyund; 

b is a number such that the (C3H6O) portion of the octablock 
copolymer constitute between approximately 60% and 95% of the compound 
and a l^xjpolysaccharide derivative. 

The preferred amounts of die components are approximately 
30 40%to90%ly wdghtof squalene,2%to50%by wdghtsOTbitanmonooleaie^ 

JCTToritnately 0.5 to 10 % by wdght of silica and 
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wd^t of the sur&ce active copolymer. A preferred sorEice-active copolymer is 
PLURONIC® L141, The silica panicles are preferably approximately 0*5 to 20 
p. in diameter. 

Another adjuvant which is contenq>lated as part of the present 
5 invention are non-toxic lipopolysaccharides and detoxified toxic 

lipopolysaccharides. These are lipopolysaccharides which either are inherently 
non-toxic or are toxic Iqxipolysacchaiides which have been chemically modified 
to reduce the toxicity. Tliis includes mild alkaline hydrolysis of fatty adds. 

Naturally occurring non-toxic lipopolysaccharides include* but 

10 are not limited to, those lipopolysaccharides that are associated with the 

Rhodopseudomonas species, including R, sphaeroides, R. acidophilia, R. 
blastica, R. gelatinosa, R. capsulata, R. palustris and R. viridis. There are 
several methodologies for detoxifying toxic lipopolysaccharides available. 
Some of these methods are refi^red to in the Examples. Tliese methodologies 

15 geno^y indude chemical niodificati(m of die Upid A part of Ae molecule. Itis 

important to note that the detoxified lipopolysaccharide is a toxic 
lipopolysaccharide wherein the polysaccharide portion of the molecule is intact 
and Ae lipid A portion of the molecule has been modified by removal of fatty 
adds, thereby rendering the lipopolysaccharide much less toxic. 

20 The improved adjuvant of the present invention also comprises a 

lipopolysaccharide derivative combined with a surface-active copolymer with 

die following general formula: 

HO(C^H^O)^(C3HO)JC^H^O)^H 

wherein the molecular wdght of the hydrophobe (C3H6O) is 
25 between approximately 3000 to 9000 and the percentage of hydrophile 

(C2H4O) is between approximately 3% and 15% by weight. The present 
invention also con^)rises a lipopolysaccharide derivative combined with an 
octablodc copc^ymer with die following general fonnula: 

(C2H40)3(C3H60). .(C3H60)b(C2H40)a 

NHgC-CNHg 

^ (C2H40)a(C3H60)b'^ ^(C3H60)b(C2H40)a 



wo 92/00101 



PCTAJS91/04716 



20 

wherein: 

the molecolar weight of the hydrophobe portUm of the octablock 
copolymer consisting of (C3H6O) is between approximatdy 4000 and 9000 
daltons, preferably SOOO to 7000 dahons; 
5 a is a number such that the hydnyphile portion represented by 

(C2H4O) constitutes between iqrproximately S% and 40% of die total nx)lecular 
weight of the compound; 

b is a number such that the (C3H6O) portion of the octablock 
copolymer constitute betwera q)proximately 60% and 95% of the cooipcmnd 

10 The (C3H6O) portion of flic copolymer can ccmstitute up to 95% 

oftiiecooipound The (C2H4O) portion of the copolymer can constitute as low 
as 5% of the conqxyund* 

The adjuvant comprising a combination of LPS and surface- 
active copolynt^ produces a ^ergy of eCGscts both in terms of peak titer and 

15 tune to reach peak titer* In some cases, especially with the lower molecular 

weight lipopolysaccharides, the initial titer is higher and flien is slightly 
dqiressedwiflitime. With th^ Irighffr mni^iflf wright lipqpolyifflccharides, the 
initial titer is hi^ier and the response remains high over time. With all of the 
IqKypolysaccharides, die combination trads to increase Ihe jxrotective Ig02a and 

20 IgG2b isotypes. This is unexpected because the LPS, by itself, has been 

reported to act as an adjuvant to induce a predominandy IgGl immune 
response. 

The improved adjuvant also comprises a surface-active 
copolymer with the following general fommila: 

25 

wherein the molecular weight of tiie hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the percentage of hydrophiie 
(C2H4O) is between ^yproximately 3% and 15% by weight and a reverse 
30 octablock copolymer widi die following graeral fonnula: 
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(C3H60)b(C2H40) .(C2H40)a(C3H60)b 

NH2C-CNH2 



wherdn: 

the molecular weight of Ae hydrophobe portion of Ae octablock 
copolymer consistiog of (Q3H6O) is between approximately 5000 and 7000 
daltons; 

a is a number such that the hydrophile portion represented by 
(C2H4O) constitutes between approximately 10% and 40% of the total 

molecular weight of the compound; 

b is a number such that the (C3H6O) portion of the octablock 

copolymer constitutes between approximately 60% and 90% of the compound 



The (C3H6O) portion of the copolymer can constimte up to 95% 
of the compound The (C2H4O) portion of the copolymer can constitute as low 

IS as 5% of the compound 

a is a number such tiiat the hydrophile portion represented by 
polyoxyethylene (C2P4O) constitutes betwem approximately 5% to 40% of the 
total molecular weight of die conxpound; 

the mean aggregate molecular weight of the hydrophobe portion 
20 of the octablock copolymer consisting of polyoxypropylene (C3H6O) is 

between approximately 4000 and 8000 daltons; and b is a number ^ch that the 
polyoxypropylene (C3H6O) portira of the total molecular weight of die 
octablock copolymer constitutes between approximately 60% and 90%. 

The (C3H6O) portion of the copolymer can constitute up to 95% 
25 of tiiecon^iound The (C2H4O) portion of the copolymCT can constitute as low 

as 5% of the compound 

The improved adjuvant also comprises a surface-active 
copolym^ with the following general formula: 



30 
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whorein the molecular wd^ of the hydrophobe (C3H6O) is 
between approxiinately 3000 to 9000 and the percentage of hydrophile 
(C2H4O) is betweoi approximately 3% and 15% by weight and an octablodc 
copolymer widi the following g^ieral fonnula: 

(C2H40)^ (CgHgO). (C3H60)b(C2H40)a 

NHX-CNH2 

iC2^4^)^ (CgHeO)/ ^ (C3H60)b(C2H40)a 



whemn: 

the molecolar weight of die hydrophobe poaticRi of die octablock 
10 copolymer ccmsisting of (C3H6O) is between approximately 5000 and 7000 

daltcms; 

a is a number such that the hydrophile portion represented by 
(C2H4O) constitutes between approximately 10% and 40% of the total 
molecular weight of the conqiound; 
15 b is a number such that tiie (C3H6O) portion of the octablock 

copolymer constitutes between qiproximately 60% and 90% of die compound 



The (C3H5O) portion of the copolymer can constitute up to 95% 
of the compound. The (C2H40) portion of the copolymer can ccxistitute as low 
20 as 3% of the conqxHmd. 

The present invention also includes vaccines which conqirise 
antigens and die afoiemntbned adjuvants. 

The presem invention also coiiqirises a vaccine that is especially 
useful for immunizing an anicoal or human against a polysaccharide, protein, 
25 small peptide or otiier luq>tra. According to die present invention, the small 

pq)tide or hapten is conjugated to flagelk tiiat is derived fiom a microo^^^ 
The flagella may be derived finom any flagellated microorganism; however, 
diose from Satmonella species are preferred. It is to be understood that the 
prefeired bacteiial species fiom ^;fM:h the £^ 
30 application is dependent upon the particular antigen requirements of the 

application and is not critical for this invention. 
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Some bacteria possess a single flagdlum ^xdule otiiers have a tuft 
of flagella and still others have flagella distributed over the entire cell surface. 
Bacterial flagella are between 10 and 35 nm in diameter and may sometimes 
exceed 10 to IS ^m in length, or many times the diameter of the cell Most 
bacterial flagella show a regular and uniform curl with a wavelength of about 

When bacterial flagella, widch are protein in nature, are acidified 
to pH=3, they dissociate into identical monomeric subunits called flagellin, 
which has a molecular weight of qyproxunately 40,000 in most species. Under 
s^piopriate conditions of pH and salt concentration, flagellin monomers will 
spontaneously reaggregate to form structures that appear to be identical with 
intact flagella possessing periodic curls of the same wavelength as the native 

Intact bacterial flagella in the native form or fixed with a number 
of fixative agents can be used in practicing the present invention. Additionally, 
repolymerized flagellin is satis&ctory in practicing the present invention. It is 
believed that an essential component of the present invention is that the 
preparation consists of a polym^ coinposed of flagellin molecules regularly 
spaced in a geometric pattern to produce the elongated flagellar structure typical 
of the {Kirticular micEDorganism. 

A number of procedures for preparing flagella fiom bacterial 
cultures have been developed and are well-known to those of ordinary skill in 
the art The preferred procedure is a modification of the procedure of 
Kobayashi,era/., as described herein.l3 

Salmonella 0!p/u organisms of strain TY2 are grown in motility 
agar. The highly motile organisms should be selected because they produced the 
most flagella. Organisms are tiien inoculated in 20 liters of trypticase soy broth 
and incubated at 3TC for ^proximately 30 hours until the end of the log phase 
of growtii. The oxganisms may be killed at this tune by the addition of 
formaldehyde to produce a 0.3% suspension. The organisms are preferably 
collected by centrifugation; however, care should be taken to avoid production 
of excessive shear force. The flagella are then removed fiom the organisms by 
shaking vigorously for 20 minutes in a shaker. Other mixes and devices which 
produce a shear force to break off the flagella without disrupting the organism 
are equally satisfactory. 
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The flagella are then separated £rom the cell bodies by 
differential centrifiigatiQn. The cell bodies are removed by centrifiiging at 
qiproximately 2000 rpm in a standard laboratory centiifiige. The flagella are 
then collected by ultracentrifugadon at 30,000 rpm. The flagella are then 
resospended and lecentiifuged in an ultracentrifdge, and soluble con tamin a tin g 
mflt«Tfllg aie pouted off* Large contaminating mnmrials will form a black spot at 
the bc^tom of the transparent flagella peUet This material is physically removed 
and discarded The end pioduct derived firom 20 liters of bacterial cult^ 

be qypioximately 100 mg of purified flagella. 

Flagdlin may be produced by acidifying unfixed flagella at a pH 
of appio3dmateIy 2 ovonig^ This treatmem dissodates ^ 
produce the monomers of flagellin which have a molecular weight of 
apprnxu natdy 30,000. The monomas reassonble into Ac polynooized flagella 
when allowed to stand at neutral pH for a period of at least 24 hours. The 
repolymoized flagellin is neariy as effective as the nadve flagdla as an adjuvant 
and carrier for small andgen moieties. The monomelic flagellin or proteolytic 
cleavage fi:agments of flagellin protein are very mudi less effecdve. 

The antigen, i.e., protein, polysaccharide, hapten or peptide 
moieties, can be chemically conjugated to the flagella by any one of Ae standard 
means well known to those of ordinary skill in the art Chie of the simplest and 
most effecdve means is by using gluteraldehyde. Gluteraldehyde is a divaloit 
cross-linking compound which covalendy attaches die peptide to Ae flagella and 
furdior fixes the flagella prqparaticm. Odier cbonical cross-linking reagents or 
diemical antigen derivatives, such as dinitmfiuorobenzene, are effective. The 
methods of conjugating an antigen, hapten or pq)tide moieties are well known 
to diose of ordinary skill in die art 

The amounts of antigen attached to the flagella varies with the 
particular application and is not a critical component of this invention. 
Preferably, betwera 2 and 10 peptide or bsptsn units per flagellin monomer in 
the flagella preparation is sufficient Smaller multiples are needed for larger 
protein or polysaccharide antigms. 

The conjugated flagella preparation is purified by dialysis, 
centrifugation, or any odier standard method. Hie material is dienresuspended 
in saline at a concentration qqnoximating lOO^gAuL 
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Ttiispiepaiation is effective in low doses between 1 and 100 
per injection. A dose of 10 jig produces a satisfactory response in many 
situations. The material can be injected by any convenient route, intravenous, 
subcutaneous, intramuscular, or intraperitoneal. The subcutaneous or 
5 intramuscular route is usually die most convenimt for many vaccine purposes. 

As an exanr^le, injections of 20 \ig of Sabnonella typhi flagella 
conjugated with dinitrophenol resulted in IgG antibody titers specific for the 
hapten DNP which rose at the end of the first week after injection and persisted 
for ovCTcme year. 

10 PefsistCTce of the immune response to fiagella and to antigenic 

moieties conjugated to fiagella is unusual and une3q)ected. The material does not 
form a local depot of antigen at the site of injection. Approximately 90 to 95% 
of the injected dose of flagella is broken down and excreted wilbin 24 hours. A 
portion of the material is retained for a prolonged time in germinal centers 

15 widiin local lymph nodes. It is believed that the presence of this antigen in 

germinal centers is responsible for the prolonged antibody producticm. 

This invention has numerous advantages over other available 
adjuvant preparations. It produces v^ little inflammation at Ae site of injection 
and is entirely biodegradable. This contrasts sharply with oil emulsions or 

20 mineral salts, such as aluminum. Very small doses of andgen are required to 

produce prolonged inmume responses. A significant portion of the andbody is 
complement-fixing IgG which is the type required for protection against 
malaria, sporozoites, and other important infections. The product is stable 
especially when prepared with fixatives, such as gluteraldehyde. It can be 

25 lyophilized and stored at room temperature indefinitely. When reconstituted 

with saline, it is stable for several weeks with r^geration and several days at 
room temperature. 

Unlike live attenuated vaccines which may produce infections in 
susceptible hosts, this vaccine preparation consists only of polymerized protein 

30 with traces of polysaccharide. 

The preferred dose of a vaccine prepared according to the 
present invention is between 5 ^ig and 500 ^tg. The optimal dose for any 
vaccine will deprad i^yon die antigen that is conjugated wiA the flagella protein 
and the inmiunological condition of the animal or human that is being 

35 vacdnated. 
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The vaccine of the present invention also includes the 
adn±iisti^on of the vaccine wi± an adjuvant to fintlier ex^^ 
response. The preferred adjuvant tliat can be used wiA the vaccine of the 
present invention is a block copolymer that ccm^iises a polynoer of h^^ 
polyoxyethylene built on an ethylene diamine initiator. Polymers of 
hydrophobic polyoxypropylene are then added to a block of hydrophilic 
polyoxyeAylene. This results in an octaUodc cc^lymer with the following 
general fonnula: 

(C2H40)3(C3HsO). y(C3H60)b(C2H40)e 

NH«C-CNH2 

(C2H40)a(C3H60)/ ^(C3H60)b(C2H40)a 



wherein: 

the molecular wdg^t of the hydrophobe poatum of the octablock 
copolymer ccmasting of (C3H60) is between ^^proximately 5000 and 7000 
15 daltons; 

a is a number such that the hydrophile portion represented by 
(C2H4O) constitotes between approximately 10% and 40% of the total 
molecular weight of the conqiound; 

b is a number such that Oe (C3H6O) porticMi of the octablock 
20 copolynier con^tutes between app ru xu uately 60% and 90% of the coi^ 

The (C3H6O) portion of the cc^lymer can constitute iq> to 95% 
of theccKnpound. The (Q2^40)pGrdon of tiMscopolynier can constitute as low 
as 5% of the con^KiuiuL 

The prefened adjuvant has the following formula: 



(C2H40)3(C3HgO). y(C3H60)b(C2H40)a 

NH5C-CNH2 

(C2H40)3(C3H60)j,^ ^(C3H60)b(C2H40)a 



wherein a is equal to {^yproximatety 5 and b is equal to 
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Anotha' cppolymer that can be used with the vaodne conqnisiog 
the present invoition has the following fommla: 

H0(C,H^0)^(C3H^O),(C^H^O)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
betweai appioximalely 2000 to 5500 and the total molecular weight of the 
conq)Ound is between qjpioximately 2300 and 5500. 

The piefened adjuvant has the following formula: 

HO(C^H^O)^(C^H,0).(C^H^O)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 

Another prefened adjuvant has the following formula: 



HO(C^H^O)^(C3HO)^(C^H^O)^H 

wherein the molecular wei^t of the hydrophobe (C3H6O) is 
approximately 5200 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 

20 The polymer blocks are formed by condensation of ethylene 

oxide and propylene oxide onto a tetrafuncticmal ethylene diamine initiator at 
elevated tenq>eratuie and pressure in the presence of a basic catalyst There is 
some statistical variation in die number of monomer units which combine to 
form a polymer chain in each copolymer. The molecular weights given are 

25 ^proximations of the average weight of copolymer molecule in each 

preparation. A furdier description of the preparation of these block copolymers 
is found in U.S. Patent No. 2,674,619 and U^. Patent No. 2,979,528 which 
are incorporated honein tyy refereiK:e.^^ 

The published molecular weight for poloxamers and 

30 poloxamines is commonly determined by the hydroxyl method. The end 

groups of polyether chains are hydroxyl groups. The number averaged 
molecular weight can be calculated from the analytically determined "OH 
Number^ expressed in mg KOH/g sample. It should be understood that the 
absolute value of the molecular weight of a polydisperse compound can be 
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different depending upon the methodology used to detennine the molecular 
wd^t Thus, it is inqx>rtaat to Imow by what method die molecular weight of 
the copolymer has been determined As used herein, the molecular weights of 
all of the copolymers was determined by the hydioxyl method. A slightly 
different number is obtained when the molecular weight is determined by 
another mediod such as performance liquid chromatography. 

Hie vaccine which conqnises the present invention is mixed 
with the octablock copolymer and admmistered to tiie human or animal The 
preferred amount of adjuvant administered with the vaccine of the present 
invention is between approximately 0.1 nog and 5.0 mg with the most preferred 
anoount between ^^proximately 0 J mg and 2 mg. 

Another embodiment of the adjuvants of die present invention 
are various derivatives of lipid A. The structures of the various species of lipid 
A are described in articles by Takayama, K., £r a/, and Raetz, CRJL, both of 
which axe incQiparatedherem by reference.^*^^ Mom^hosphoryl lipid A has 
lower toxicity than the complete lipid A molecule but has a lower toxicity to 
animals than does the conylete lipid A. Upid IV A and 
thebiosynthesisof lipid A. The structures of some of the lipid A derivatives 
Aat are contemplated as part of the present invention are shown in Hgs. 10 
through 13. 

Several recent reports have implicated IgG2a antibodies as 
conferring protection against several viral and bacterial infections. IgG2b 
antibody has been less well studied but has also been iqxnted to be protective. 
Antibody of die IgGl subclass does not foconq)lenient and is thought to be of 
considerably less protective efBcacy in many situations. Consequentiy, die 
ability of LPS derivatives to shift the antibody response toward the IgG2 
isotypes, especially when admixed with copolymers, can be expected to 
inosase the eGBcacy of vaccines. 

Antigens that can be used in the present invention are 
conq)ounds which, whm introduced into a mammal, will result in die formation 
of antibodies. Representative of the antigens that can be used according to the 
present invention include, but are not limited to, natural, recombinant or 
syntiietic products derived from viruses, bacteria, fimgi, parasites and other 
infectious agents in addition to autoimmune diseases, hormones or tumor 
antigens iK^hmig^t be used in prc^hylactic or dier^)eutic vaccina Thevind 
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or bacterial products can be components which the organism produced by 
enzymatic cleavage or can be components of the organism that were produced 
by recombinant DNA techniques that are well-known to those of ordinary skill 
in die art The following is a partial list of representative antigens: 



Viruses 
HIV 

Rotavirus 

Foot and mouA disease 
10 lafluenza 

Parainfluenza 

Herpes species, Ifecpes simplex* Efistein Barr virus 
Oiicken pox, pseudorabies 

Rabies 
15 Polio 

Ifepatitis A 

Hq>atitisB 

HepatidsC 

Nfeasles 
20 Distemper 

Venezuelan equine encq[>haloiiQrelitis 

Rotavirus 

Feline leukemia vims 
Reovhus 

25 Reqnratoiy sycytial virus 

Lassa fever virus 

Polyoma tumor virus 

Canine parvovirus 

Bovine pq)illoma virus 
30 Tick borne moephalitis 

Rinderpest 

Human riunovirus q)ecies 

Enterovirus species, Mengo virus 

Paramyxovirus 
35 Avian infectious bronchitis virus 

Bactoria 

Bordetella pertussis 

BruceUaabortis 

Escherichia coU 
40 SabnoneUa species, salmonella typhi 

Streptococci 

Cholera 

Shigella 

Pseudomonas 
45 Tuberculosis 

Leprosy 

Ric&etsial Infections 

Rocky HKmntain spotted fever 
50 Thyphus 
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Parasites 

Malaria (PlasmotEunLfalcipanm, P. vivax, P. malariae) 
Schistosomes 
5 Trypanosomes 

Fungus 

Crypiococcus neqformans 

10 Subunit recombinant proteins 

Heipcs siEi^>lcx 
EpstdnBairvinis 
HepatitisB 
Pseudorabies 
15 Flaviviras, Denge, Yellow fisvcr 

fidssaia gonorrhoeae 

Malana: circumspoiozoitc protein, inetozoit& protean 
Tiypanc^ome surface antigen protein 
Pertossis 
20 A^haviroses 
Adenovinis 

Proteins 

^^htfieria toxoid 
25 Tetanustoxcnd 

Meningococcal oiiter meodnane protein (OMP) 

Streptococcal M protein 

Hq>atitisB 

Influenza henaaggiutinin 

30 

Synthetic peptide 
Malaria 

Foot and nxmdi disease vims 
35 HeimtitisB,Hq>atitisC 

Polysaccharide 

Pneumococcal polysaccharide 
Haemophilis ufiuenza 
40 polyribo^l-rihitolphosphate (JPKF) 

Neisseria meningitides 
Pseudomonas aemginosa 
Kldmella pneumoniae 

45 Oligosaccharide 

Pneumococcal 

Haptras are compounds which, when bound to an immunogenic 
carrier and introduced into a chordate, wiU elicit foimaticm of andlx)die^ 
50 for the hapt^ Representative of the haptens are steroids such as estrogens and 

cortisones, low molecular weight i>eptides, other low molecular weight 



wo 92/00101 



PCr/US91/04716 



31 



biological compounds, drugs such as antibiotics and chemothcr^eutic 
conq)onnds, industrial pollutants, flavoring agents, food additives, and food 
contaminants, and/or didr metabolites or derivatives. 

In addition to the foregoing embodiments of the present 
5 invention, addition of certain of the copolymers to silica suspensions has 

provided an unexpected increase in the adjuvant activity of the conq>osition. 

Silica is a known adjuvant, but its use has been limited by 
toxicity, especially fibrosis. This toxicity is reduced and the effectiveness 
increased by incorporation of the silica into an oily vehicle widi or without other 

10 adjuvant moieties such as surface-active copolymers or LPS. The dose and 

toxicity of silica are reduced, while die effectiveness is increased by the present 
invention. Preferably, the oil emulsion conqirises an cnl and siUcapart^ 
the emulsion conqmsing between 40% and 99% oiL A preferred dl is squalane 
(Sigma Chemical Company, St Louis, MO). In addition to the oil, one can 

IS optionally add a detergent or mixture of detergents to die oiL Examples of 

detergents that can be used in the present invration are polyoT^tfaylenesorlntan 
(Tween) and sorbitan (Span) (Sigma Chemical Conxpany, St. Louis, MO). 
However, copolymas such as PLURONIC® L121 are finequentiy preferable. 

Since, certain components of vaccine adjuvants are liable to 

20 oxidation, antioxidants have been included as preservatives. The oil vehicle 

squalene is particularly susceptible to oxidation. The block copolymers may 
also be affected. Many antioxidants are available which are potentially 
acceptable to prevent oxidative degnidation of vaccine components. Exanq)les 
of tiiese, tocopherol (vitamin E) or ttx:ophen>l derivatives, were found to have 

25 die ability to enhance adjuvant activity in addition to preventing oxidation. It 

has been found tiiat the antioxidants are particularly effective in increasing 
immune responses and reducing local inflammation in addition to serving as an 
antioxidant when used in combitmtion with the block copolymer or silica 
emulsions. Thus, it is contemplated as part of the present invention the 

30 admixture of antioxidants, such as tocopherol or tocopherol derivatives, with 

the adjuvants and vaccines described hereixL 

Tlie following specific exanq)les will illustrate the invention as it 
applies to enhancing the inunune response of an organism to small h^tens. It 
will be appreciated that otiier examples will be apparent to those of ordinary 
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skill in the ait and that the invention is not limited to these specific illustrative 
examples. 

Example 1 

Salmonella typhi orgamsms of strain TY2 are grown in motility 
agar. Organisms are tfa» inoculated in 20 liters of trypticase soy broth and 
incubated at 37^ for 30 hours until the end of the log phase of growth* The 
organisms are killed at this time by die additicm of f ormalddiyde to produce a 
03% suspension. The organisms are collected by centrifugation. Care should 
be taken to avoid production of excessive shear force. The flagella are thra 
removed from the organisms by shaking vigorously for 20 minutes in a shaker. 
Other mixes and devices which produce a shear force to bieak off the flagella 
without disnqrting die organism are equally sadsfactoiy. 

The flagella are then separated from the cell bodies by 
differential centrifugation. The cell bodies are removed by centrifoging at 2000 
rpm in a standard laboratory centrifuge. The flagella are then collected by 
ultracentcifugadon at 30,000 ipm. After the ultracentrifugation, die flagella are 
lesuspended and recentrifiiged in an ultracenttifiige, and isoluble contaminating 
materials are poured oS. Large contaminating materials form a black spot at the . 
bottom of the transparent fla^Ik pelteL This materid is physic^ 
discarded. The end product derived fiom 20 liters of bacterial culture is 
{qypioximafiely 100 mg of purified flagella. 

Example 2 

Flagellin is produced by acidifying the flagella at a pH of 
approxiniatdy 2 for 12 hours. This tceatnoent dissociates die fUgeilar p 
produce monomers of flagellin wUch have a molecular wei^t of appn)xin^ 
30,000. The monomers reassemble into the polymerized flagella vfhoa allowed 
to stand at neutral pH for a period of at least 24 hours. 

Example 3 

Gluteraldehyde is a divalent cross-linking compound which 
covalendy attaches the peptide to the flagella and further fixes the flagella 
preparation. Hiese methods of conjugating a functional group to a protein are 
well-known to one of ordinary skill in die art. Other chemical cross-linking 
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reagents or chemical antigra derivatives, such as dinitrofluoiobenzene are 
efifective. 

Example 4 

The conjugated flagella preparation is purified by dialysis, 
centrifagadon, or any odi^ standard method* The matoial is then resuspended 
in saline at a concratradon approximating 100 \ig/trL This preparation is 
effective in low doses between 1 and 100 ^g per injection. A dose of 10 ^g 
produces a satis£actory response in many situations. The material can be 
injected by any convenient route, intravenous, subcutaneous, intramuscular, or 
intraperitoneal. The subcutaneous or intramuscular route is usually the most 
convenient for many vaccine purposes. 

Example 5 

Detoxification of Ra-LPS (Ra-detox) is performed as follows: 
Ra-LPS obtained ficom E. coU EH-100 (10.0 mg) is suspraded in 5.0 ml of 
water, sonicated for IS minutes, and incubated at lOO^C for 5 minutes. One- 
thirtieth volume of triethylanune is added to the san9}le inunediately after 
removal from incubation and is added to the san^>le immediately after removal 
from incubation and mixed well. This sample is allowed to stand at room 
tai]perature(22^QfQr4days. The sample is th» lyophilized and the free fatty 
adds liberated by the treatment is extracted with hexane. The traoaining residue 
constitutes the Ra-detox. Analytical TLC of die sample hydrolyzed in 0.1 M 
HCI^'^ revealed that the pattem of die MPL had shifted frcnn the hexaacyl- 
pentaacyl to die pentaacyl-tetracyl forms. A single 3-hydroxymyristic acid at 
the 3 position of the lipid A is thought to be released resulting in die formation 
of predominandy pentaacyl Ra-LPS with reduced endotoxic activity. 1^ 
Detoxified LPS can be prepared fiom a variety of other LPS forms, including, 
but not limited to, the RarU^ from 5. ndnnesota R60 or 5. typhimurium 
TV119 as well as die SR-LPS from S. typhimurium SF1512 and used as 
adjuvants. 

Example 6 

An ELISA assay is used for the determination of antibody 
directed against the trinitrophenol hapten. It is a modification of the method 
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arigmaUy published by Saunders*^^ The assay uses a protein, bovine serum 
albumin, hydrogel to reduce denaturadon of proteins adherent to the plastic 
support and the use of proteins and surfactants to reduce non-specific 
adsorption of proteins which tend to increase background and reduce 
sensitivity. Glutaraldehyde is used to attadi antigen to BSA coated 96-well 
microtiter plates. Unbound ^tarald^yde is washed off. Antigen added to die 
plates attaches to the plate covalendy via the free aldehyde groups of 
^teralddiyde. 

Remaining aldehyde groups are blocked with lysine and die plate 
is ready to use. The plates are incubated with various dilutions of antiserum, 
washed and tiien a second antibody such as pcnmdase-conjugated goat anti- 
mouse IgG or one of die subclasses. The plates are washed and substrate (e.g», 
ordiophenylene diamine with peroxide) is added The resulting absoibance at 
492 nm is read by a Tltertek Multiscan photometer. The titer of antibody is 
calculated as the diluticm of antisenmi required to produce a 1/3 to 1^ 
optical density of the background. This is normalized by coinparison to a 
reference antiserum simultaneously wifli tiie sanyle. This facilitates compaiison 
of titers run on different days. The relative avidity of antibodies in relation to 
one another is estimated by analysis of die slope of die curve of optical density 
versus serum diluticm. 

Similar ELISA assays can be developed for many antigens 
including proteins, peptides and polysaccharides by those of ordinary skill in 
tiiearL In addition, one to four nu>laranimcmiumdiiocyanate can be added to 
dieELISA wells after Ae first antibody to promote detadmient of low avidity 
antibodies and thereby iTOvide a more quantitative nieasure of avidity 

Example 7 

In die following e3q>eiiment, 25 ^g of flagella conjugated widi 
an average of 4 TNP molecules per flagella is administered to mice via a hind 
foo^ad. Hie TNP-conjugated flagella is administered in a volume of 0^ ml of 
saline. Antibody specific for TNP is measured at the following times after 
administration of the TNP-conjugated flagella: 8 days, 19 days, 30 days, 50 
days and 90 days. The results of this e?q)erimmt are shown in Hg. 1 . As can be 
seen, the immune response to the TNP-conjugated flagella is still sigmficandy 
high even after 90 days. The response to conventicMial TNP conjugates, such as 
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TNP-conjugated hen egg albumin is much shorter in duration and the antibody 
titers are much lower* Animals frequentiy do not respond at all with delectable 
antibody to a hapten on a soluble protein carrier after a single injection* 

Example 8 

The dose response of a mouse is measured by administering 
varying doses of TNP-conjugated flagella, Hagella conjugated with an average 
of 4 TNP molecules per flagellin molecule (molecular weight approximately 
40,000) is administered to mice via a hind footpad. The TNP-conjugated 
flagella is administered in a volume of 0,5 ml of saline. The following 
concentrations of TNP-conjugated flagella are administered to mice: 4 |ig, 
10,^g, 25^lg and 50 ^lg. The antibody produced in response to die TNP- 
conjugated flagella is measured 8 days and 19 days after administration of die 
TNP-conjugated flagella* The results of this expoiment are shown in Hg. 2. 

Example 9 

A comparison of the immunologic response of mice to TNP 
ccmjugatcd to hen egg albumin (HEA) and TNP conjugated to bacteria flagella 
protein is shown in Hg. 3* In this experiment, TNP is conjugated to HEA usm^ 
die reactive derivative trinitrobenzene sulfonic acid (TNBS) in the same fashion 
as flagella. 100 ^tg of die TNP-conjugated HEA or 25 ^ig of TNP-conjugated 
flagella are admirustered to nuce via a hind footpad. Ten days after 
admmistraticm of die TNP-conjugated protdns, antibody titer is measured 
according to Example 6. As shown in Fig. 3, die TNP-conjugated flagella 
induced a significandy greater immune response, as measured by antibody titer, 
dian did die TNP-ccmjugated HEA. It should be noted that die amount of TNP- 
HEA administered in this experiment is four times the amount of TNP- 
conjugated flagella (100 ^lg of TNP-HEA versus 25 ^ig of TNP-conjugated 
flagella). 

Example 10 

The same preparations used in Example 9 are administered to 
mice widi die addition of 1.0 mg of T150R1 adjuvant 100 ^lg of die TNP- 
conjugated HEA or 25 ^g of TNP-conjugated flagella are administered to niice 
via a hind footpad* Ten days after administration of the TNP-conjugated 
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proteins with the adjuvant, antibody titer is measured according to Exannple 6. 
The results of these experiments are summaiized in Fig. 3. As shown, the 
adjuvant raised die immune response to both the TNP-conjugated HEA and the 
TNP-conjugated flagella. However, the TNP-conjugated flagella induced a 
significandy greater immune response than did the TNP-conjugated HEA. 
Sinular experinoents woe done with keyhole linq)et hemocya^ 
of HEA widi similar results. KLH was noore effective than HEA, but less 
effective dian flagella as a earner. 

Example 11 

Because the block copdynier adjuvants appear to aa via distinct 

mechanisms, there is a possibility of incorporating them in more conq)lex 

formulations to optimize activity for particular applications. TNPio-HEA is 

prq>ared in oil-in-water emulsions with 1.0 of the surface-active copoly^ 

with die following formula: 

HO(C H O) (C H O) (C H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
^>proximately 10% by weight 

The surface-active copolymer is prepared in oil-in-water 
emulsions witii TNPio-HEA and a variety of lipid A derivatives including die 
Re-LPS and monophosphoryl lipid A from two sources. In addition, two 
precursors of lipid A, lipid IVA and lipid X are evaluated. The LPS and bodi 
Iqnd A preparations produced a striking iiiCTCase in antibody response 
of the triblock copolymer alone. The oil (2% Squalane) and copolymers are 
mixed widi dry trinitrophenyl conjugated hen egg albumm (TNPio-HEA) and 
subsequentiy homogenized in PBS, pH 7.4, widi 0.2% Tween-80. Mice arc 
given SO \iL divided between bodi rear fooqmds. The doses per animal are 50 
^g antigen, 0.6 mg L141, and 0.1 mg T150RL The combination of adhesive 
and ionophore copolymers produced a marked increase in antibody response 
over tiiat of either alone. Tlie results of this experiment are found in Figs. 4 and 
5. 

The bars labeled MPL-TDM and TDM are preparations 
commercially available firtm Rihi Tmmiinfrfiftmicfll (Harmlrrw , Montana) These 
adjuvants axe prepared according to instructions supplied with the adjuvants. 
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As can be seen, the commoxnal adjuvants MPL-TDM and TDM 
invoked a minimal response in the mouse compared with other preparations. 
However, the various combinations of copolymers and lipid A dmvatives 
caused unexpectedly high titers of antibody. 

5 

Example 12 

Adjuvant effects of copolym^ with lyophilized antigen in oil- 
in- wat^ emulsions of 2% squalane are evaluated QQ and copolymer are mixed 
with dry TNPio-HEA and subsequently homogenized in PBS, pH 7.4, with 
10 0.2% Tween-80. Mice are given 50 \xL divided betwera both rear footpads. 

Hie doses per animal are 50 ^g antigen, 0.6 mg triblock copolymer designated 
L141 and 1 mg of die copolymer designated T150R1. 

The copolymer designated L141 has the following stmctuie: 
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HO(C H O) (C H O) (C H O) H 



wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
sqyproximately 10% by weight 

The c(^lymer designated T150R1 is an ionophore and has the 
20 following f omtmla: 

(C3HgOyC2H40)3 .(C2H40)a(C3H60)b 

NH2C-CNH2 



wherein a is equal to approximately 5 and b is equal to approximately 3Z 
25 The results of this experiment is shown in Fig. 5. As can be 

seen, the combination of the triblock copolymer and the reverse octablock 
copolymer gives a synergistic adjuvant effect 
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Example 13 

In this experiment, 50 \ig lyophilized TNPio-HEA (10.4 TNP 
per mole) is administered to mice in 50 doses split between both fooQ)ads of 
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a moose. The dry antigen is mixed with oil prior to emulsification with saline. 
The Fieimd*s Cotnpletc Adjuvant (FCA)(Grand Island Biolpgicals) is made up 
as 60% oil in saline with no additives. All other preparations are 60% oil with 
50 Span-80, 1(^ Tween-80, and 15 mg silica (5 ^m Minusil) in a dose of 
L6 (iL emulsion. Where used, triblock copolymers are included at a 
concentration of 0.6 mg and leveise octaUock copolymers are at a concentration 
of 0.1 mgpermouse.Thedataisaconqx>sitefiromtwoe3q)eri^ 
15 mice per group. (SeeHg.6) 

The triblock copolymer designated L121 is as follows: 
"0(W.(C,H,0),(C^H^O)^H 

wherem the molecular wei^t of the hydrophobe (C3H6O) is 
approximately 4000 and die percentage of hydrophile (C2H4O) is 
^>proximately 10% by wdgJiL 

The copolymer designated L141 is as follows: 



HO(C H O) (C H O) (C H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 'b 



wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
^^proximately 10% by weight and 0.1 mgof the octablockccq)olymer with the 
20 reverse copolymer designated T150R1 as follows: 

(C3H60)b(C2H40) v(C2H40)a(C3HgO)b 

NH2C-CNH2 

(C3H60)b(C2H40)3/ '^(C2H40)a(C3H60)b 

wherein a is equal to ^yproximately 5 andb is equal to qjproximately 32. 
25 All of the formulations had silica as a base except the Freund's 

Con:5)lete Adjuvant (FCA). As can be seen, all of die compositions with the 
copolymers had increased adjuvant activity and are more effective than FCA. 
(See Fig. 6) 

The combination of oil and silica is more effective then either 
30 alone* The 60% oil eniul^on, by itself* produces a mean titer of 100 and the 

silica by itself produces a mean titer of less than 20 while the combination 
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induces a titer of over 300 at 30 days after a single injection. The silica 
emulsion, by itself, or with copolymers, is also found to be more effective than 
the oil pulsion alone for immunizing chickens for bursal disease virus or for 
immunizing rabbits with a variety of protein antigens. Rnally, it is found that 
other surfactants can be substituted for the Span and Tween so long as they 
produce stable emulsions. The silica emulsions produce only naild local 
reactions compared to die intense, chronic inflammatory reactions induced by 
Ereund's Cdnq>lete Adjuvant In addition, the silica admixtures are unable to 
induce autoimmune adjuvant arthritis. This is a major advantage over the most 
commcmly used adjuvant for producing antisera, Ereund's Complete Adjuvant 

Example 14 

Groiq>s of five to ten mice were immunized with TNP-HEA in a 
2% squalane-in-water emulsion containing 1 mg of each of the copolymers 
indicated in Rg. 7. Tbe time courses of flie antibody responses are similar in 
each of the groups except L81 which induces only a transient response. The 
titers peak at approximately one montii after injection and persisted for over 
tiireemonths. The animals are boosted on day 90 after immunization. Theyare 
bled again one week post boost. The copolymers with 10% or less 
polyoxyediylene (POE) all induced strong immune responses. Copolymer 
L122 is a poor adjuvant The adjuvant activity of copolymers witii a range of 
POE chain lengths and the polyoxypropylene (POP) chains with molecular 
weights of 5200 (L180J, L181^ and L1SZ5) follow die pattern established 
previously for the series of smaller copolymers L121, L122 and L123. 
Copolymers witfi more than 10% POE are again found to be ineffective 
adjuvants. 

The mean titers stimulated by the copolymers witii 10% or less 
POE of each Iragtii of POP chain increases witfi increasing molecular weight of 
tiie POP hydrophobe as shown in Fig. 7. While tiiere is variability between 
and among groups, the general pattern of increasing titer witii increasing 
molecular weight of hydrophobe is observed repeatedly. 

The isotype of antibody is measured at multiple time points 
using an ELIS A assay witii calibrated class specific antisera. As shown in Fig. 
8, the copolymer preparations which were effective adjuvants for inducing 
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andbodyiiidiu:ed distinctly difGemitpatt^^ The lower molecular 

weight preparation, LlOl, induces a predominant IgGl response with lesser 
amounts of IgG2a and IgG2b. Increasing molecular weight of die hydrophobe 
increases the proportion of IgG2, especially IgG2b. Interestingly, the 
production of the IgG3 isotype follows die opposite pattem widi the highest 
titers produced by the lower molecular weight preparations, L121 and 
especially LlOl. The ratio of IgGl to IgG2b antibody increases in a nearly 
linear fashion with molecular weight of die hydrophobe as shown in Hg. 8. 
The distributum of isotypes is measured at multiple intervals following the 28 
day determinaticHi. The isotype patterns produced by each copolymer tend to 
persist duiing subsequent assays* 

Example 15 

Groups of nuce are immunized widi SO^g of TNP-HEA in a 
squalane-in- water emulaon containing 1 mg of copolymer 141 and/or 100 \ig 
of detoxified RaLPS. Hg. 13 shows a synergistic response when the 
detoxified RaLPS and die L141 are adnnxed with TNP-HEA and adndnistered 
to mice. Fig. 14 shows die isotype of IgG induced by each of the adjuvant 
combinations plus a coaqiarison with a toxic LPS. After 30 days, die isotype 
of antibody is determined for several of die endotoxin deiivatives and fiactions 
widi reduced toxicity. Copolymer 141, by itsdf, produces a predominant IgGl 
isotype antibody response with lesser amounts of IgG2a and IgG2b widi only a 
traceofIgG3. DetoxifiedRaLPSreducedtheamountof IgGl antibody to the 
TNP*HEA while it markedly inoeased die IgG2a and IgG2b antibodies. In 
similar experiments, die non-toxic 5. sphaeroides LPS did not significandy 
increase the total IgG titer, but it did reduce die amounted IgGl antibody and 
increase the amounts of IgG2a and IgC2b. The odier ncmtoxic and detoxified 
LPS derivatives both increased die titer and shifted the balance of isotypes 
towards IgG2a and IgG2b. The antigen injected widiout any adjuvant produces 
no detectable antiboify. 

Example 16 

Conq)arisons are made between trehalose dimycolate and the 
L141 copolymer in combination with mon(q)hosphoryl lipid A. Mice are 
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immunized with 50 of TNP-HEA in a oil in water emulsion with the 
adjuvants as shown. The emulsions contained 50^g of MPL and/or TDM per 
dose. The mice axe bled on day 28. 

The combination of L141 with MPL produced higher titers than 
TDM-MPL combination. The titers are predommanfly of the IgG2a subclass. 
As shown in Fig. 15, die comtrination of all tfiree materials produced die 
highest IgG2 titers of all with a significant addition of IgG3. 

Example 17 

It has long been recognized tiiat lipopolysaccharides from gram 
negative bacteria are effective inomunomodulating agents and immunologic 
adjuvants. However, the toxicity of these materials has impeded their 
development as adjuvants. Recendy , a means of reducing their toxicity while 
retaining substantial adjuvant activity have beoi reported This mediod included 
the removal of a phosphate group from lipid A to produce monophosphoryl 
lipidA(MPL). Inadditioiutiierernovalof one or rnorc fatty add chairisficom 
the lipid A moieQr also reduces toxicity. Some types of LPS, particularly that 
ftom Rhodopseudomonas sphaeroides (see Rg. 1 1 for sttiicture), are inherenfly 
non-toxic. Its structure is very similar to that of toxic lipid A. Rietchsd 
proposed that the entire structure of lipid A is required for toxicity and 
d^nonstrated that many modifications can reduce its toxicity.^ 

The present experiment is designed to evaluate the potra tial of a 
series of LI^ derivatives to act as adjuvants in combination with nonionic block 
copolymer surfoctants. The LPS derivatives are sdected to evaluate a spectnun 
of structural modifications which axe selected to evaluate several means of 
reducing tt>xicity and evaluating structure with die isotype and intensity of 
irrmiune response. These agents are used by themselves and in combination 
witii a block copolymer adjuvant, L141, to evaluate synergy between agents 
whidi appear to act via distinct mec h a ni s m s. 

Finally, trehalose 6,G dimycolate (TDM) has been reported to 
be an adhesive adjuvant which binds antigen to the surface of oil drops. 
Studies are diown to compare the adjuvant activity of TDM with that of block 
copolyznersin corribination wid) LPS derivatives. 
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Animals: 

Groups of 7-10 week old female ICR (oatfared) mice obtained 
fiom Qiailes River Laboratories, Raleigh NC are used 

Andgen Preparation: 

The trinitrapheayl (TNP) hapten is bound to recrystallized hen 
egg albumin (EIEA). TNP is conjugated to HEA using 5 mM trinitrobenzene 
sulfonate in borate buffer, pH 8^.^^ The extent of trinitrophenylation is 
detennined spectrophotometrically using an extinction coefiBdent of 15,400 at 
350nnL Eight to nine TNP units are bound per mole of HEA. 

Adjuvants: 

Rdi-LPS ftom 5. ndnnesota R7, Rc-LPS firom S. typhimurium 
SL684, and Ra-LPS firom E. coli EH-100 are purchased firom Sigma Chemical 
Conapany, St Louis, MO. MPL ftom 5. mfanewfa R595 is purchased from 
Ribi InmumoCh^ Research, Inc., Hanoilton, MT. Cultures of 5. mmne^ota 
P345, S. ndnnesota R60, and 5. typhinmrium SF1512 are obtained firom 
Institute fOr Experimentelle Biologie und Medizin, Boorstel, West Germany. 
Cultures of E. cott 09 and 058 are obtained from Statens Seruminstitut, DK- 
2300 Copenhagen, Denmark. Culture of E. coli D31m4 is obtained from 
Genetic Stock Center, Departmoit of Human Genedcs, Yale University School 
of Medicine, New Haven, CT. 

Ibe gro^ of dm ten9)e3:ature-sensitive mmants of £. co/^^ 
and 5. 07»Aumim<m i50 as weU as die preparation of 1^ 
IVA, respectively have all been described previously in Takayama, K., et al. 
and Raetz, CRH, et al,, which are hereby incorporated in their entirety by 
reference.22,23 The growth of £. coli D31m4 and the preparation of the 
purified Re-LPS are desmbed by Qureshi, er a/., which is incorporated herein 
by reference.^ MPL is prepared fiom die D31m4 and Re-LPS according to 
Qureshi,N., era/., wUch is incorporated herein by refermce.^ This product 
contained a mixture of a hexaacyl and a minor pentaacyl MPL. 

The rough chemotype lipopolysaccharide from 5. ndnnesota 
R345, S. ndnnesota R60, S. typhimurium SF1512 and R. sphaeroides ATCC 
17023 are prepared by the mediod of Galanos, et al.^ with modifications.26;27 
The structures of the series of rough chCTU>type LPS from the smallest (Re^ 



43 



LPS) to the largest (SR-LPS) are shown in Fig, 10. The structure of the 
R. sphaeroides LPS is shown in Hg. 11. 

coli 09 and 058 are grown in LB broth and the smooth 
chonotype lipopolysaccharides are prepared by Ae hot phenol-water extraction 
method of Westphal and Jann 28 The yields are 8,0 and 14.9% (dry weight) 
respectively for the LPS fiom 09 and 058. The structure of the O-antigen 
region of the £. coli 058 LPS is detennined to be: 

* [}^3)GlcNAc - B(1->4) - Man - a (1->4)-ManKx(1 ] ^ 

^ (1-^3) I 2(3) 
RhaLA (jAc 

where RhaLA is 3-0-(R-r-carboj^ethyl)-L-riianmose (rhamnolactylic add). 

The 09 LPS (100.7mg) is dissolved in 2.0 ml of 0.2 M Tris- 
Hd pH 7.8 containing 0.6% deoxycholic acid and fractionated on a 2.8 x 54 
cm Bio-Gd P-100 colunm (Bio-Rad, Richmond, CA) at 3TC using the same 
buffer. This procedure is similar to that of Vukajlovich, et al which is 
incoaporated herein by reference.^ Two ml fractions are collected and assayed 
for boA KDO and mannose. Based on these analyses, firactions 27-35 (I), 36- 
43 (n) and 44-51 (m) are pooled and extensively dialyzed against running 
water. These sainples are finally desalted on a Bio-Gel P-4 column to yield 
43.5 mg of I. 27 mg of n and 6.6 mg of HI. These tiuee samples are 
analyzed by sodium dodecyl sulfate^lyaciylamide gel electrophoresis. The 
electrophoresis showed that fraction I contained predominandy the smooth 
cheimtype LPS, n contained a mixture of smooth and rough chemotype LPS 
and m contained mostiy the rough chemotype LPS. These results are 
consistent with the mannose to total phosphorous molar ratios which are 
9.2:1.0 for I; 5.3:1.0 for II; and 2.9:1.0 for IIL The hexose region of die outer 
coie of 09 LPS £qq>ears to have the type £. coU Rl whereas the inner core is the 
smiS^fat^SabnondlazsAE.colu Thestructureof the 0-antigen region of the 
09 LPS is determined to be: 

[-^3)-Man - a (1-)3) - Man-a (1-^2) - Man a(1">2) - Man a (1^2) - Man - a(l->| ^^^^^ 

The lipid A precursors and derivatives (including MPL) are 
obtained from Dr. KuniTakayania,VA Hospital, Madison, WL TheMPLand 
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MPI^TDM prq>aiatioiis aie pnrcliased fin^ 

Hamilton, MT. Ilie nonionic block ccq>olymCT sai£actaxi^ 

from CytRx Corporation, Atlanta, GA. It consists of a central polymer of 

polyoxypropylene (POP) with a molecular weight of 4600 daltons and 

hydn^failic chains of polyoxyetfaylene (POG) cm each end widi a total molecular 

weight averaging 500 daltons. 

Stimulation cf Immune Response: 

The above mentioned additives, alcme or in combination aie 
lyophilized and incorporated into oil-in*water emulsions containing 2% 
squalane Qiexametfayltetracosane). The final concentratkm yielded SO ^TNP- 
HEA, 100 ^g LPS, 50 MPL and MPLr-TDM, and 1 mg copolymer L141 per 
mouse. Animak are given a subcutaneous injection in the hind footpad (40-50 
volume) containing tiie above mentioned dosages of antigen and adjuvant 
according to specific group tested. Mice are bled at various time points 
tiuoughout tiie course of the study via r^xo-orfaital plexus using hepaiinized 
Natelson cqdllary tubes and plasma is stofed at -70^C 

Anybody Detection Procedure: 

An evaluation of the imnume response induced by each 
preparation is made uang an Enzyme linked Inmiunosoxbant Assay (EUS A). 
Antigen is pr^ared by the reaction of picrylsulf CHiic add witii BS A fraction V. 
Microtiter plates are treated widi 100 per weU TNP-BSA (25 TNP units 
moleBSA)at0^^gAnIPBS,pH8.4ovcmig|xtat4C The antigen solution is 
rq>laced with 1% BSA in PBS, pH 7.4 and die plates are incubated for 1 hour 
at room temperature in oider to block any sites left available fiir nonspecific 
binding of antibody . The plates are washed 4Xwitii 0.05% poloxamer 188 in 
PBS,pH7.4. Next, 100 of serial dihitions of test sera with 0.1% BSA and 
0.1% poloxamer 188 in PBS, pH 7.4 are added and incubated for 1 hour at 
room tenqperature on an orbital shaker (200 rpn). The plates are thra washed 
3X and incubated for 90 minutes at 37 C with affinity-purified horseradish 
peroxidase-conjugated goat antibody directed against mouse IgG or specific 
IgG subclass. A 1:2000 dilution of conjugate is used for all except IgG3, for 
tids a 1:1000 dilution is used. Following tins step, the plates are washed 3X 
and color devdopment is achieved with orthophenylrae diamine (OFD) HCL, 
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0.4 mg/mlt in citrates/jphosphate buffer, pH 5.0. The reaction is stopped using 
2.5 N sulfuric add (H2SO4) 15 minutes after tlie addition of OPD and read at 
490 nm using a BIORAD model 3550 microplate reader. Titers are defined as 
the dilution of antiserum required to produce an absorbance of LO. Syneigyis 
calculated by the following formula: titer of LPS + L141 / titer of LPS or L14 

Results: 

Groups of finale outhred ICR mice are inmmnized in the hind 
foot pads with 50 |ig of TNP-HEA in a 2% squalane-in-water emulsion 
containing 1 mg of copolymer L141 plus 100 ^g of one of a series of lipid A 
derivatives as shown in Hg. 16. The smallest derivative, lipid X, suppressed 
the immune response at all time periods measured. Each of the otiier derivatives 
produced an accelerated response vnth higher titers at ten days after 
inmiunization but tiien produced moderately suppressed responses at 30 and 60 
days. 

Similar studies are carried out with LPS preparations firom 
nnttant organisms which differed in the size of the core polysaccharide, Hg. 17. 
These LPS derivatives produced an increase in antibody response at 10 days 
after injection. The smallest preparation, Re-LPS, resulted in a suppressed 
response at day 60. The other dmvatives produced a moderate enhancement 
Hnally, the adjuvant effects of fractions of LPS containing varying amounts of 
Opolysaccharide are evaluated in combination with copolymer L141, Fig. 18. 
Each of these preparations produced a rapidly increased irmnune response 
which is sustained for the entire period of measurement 

Several of the observations with each of the LPS fractions and 
derivatives alone and in combination with copolym^ L141 are summarized in 
tiie Table 1. 
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Table 1 



Day28 

UPS/U^A P ero ent Synet;^ 

precursor^ Source Smvivc^ Antibody Titer3 Ratto* 





i. CO/I MW/ 


inn 


+4 7S^ 


n 60 


IritCUfSOr 
Itrnri TVA 


J. typmittUnwn iju 


1f¥) 
iUU 






MFL 


£.co/i D31m4 


100 


27.184 ±5,845 


1.13 


Re-LPS 


£. Ct>« D31m4 


lUU 




U.DZ 


Rdl-LPS 


5. ndmtesota R7 


83 


52,925 ±15,799 


2.20 


Rc-LPS 


5. typMnturium 
SLo84 


66 


trt CIO ^ cce 

SOplo X 13p55 


2*10 


Rh2-Lre 


S. mmnesota R345 


NA 


XT A 

NA 


XT A 

NA 


Ra-LPS 


5f. minnesota R60 


16 


72,169 X 0 


3.00 


Dm T do it nit mil 

Ka-Lr2> detox 


17 'DTT lAA 


inn 




K in 


SR-LPS 


S. typMimurium 
SF1512 


0 


NA 


NA 


R-LPS 


R.sphaeroidesATCC 
17023 


100 


21,651 ± 5,233 


0.90 


S-LPS-I5 


E. coll 09 


100 


81.792 ±15,800 


3.40 


S/R-LPS-nS 


E.coliW 


50 


103.443 ± 1431 


4.30 


R-LPS-mS 


E.coli 09 


66 


50,518 ± 10.219 


2.10 


S-LPS 


E.coli 05% 


80 


81.793 ± 18.253 


3.40 



1 The suu c iure of the varioos fonns of LE^ and lipid A are described in 
Materials and Methods section. S = saioodi,R=siDug)i 

2 The percent of animals which survived an injecticm of 100 of the LPS 
derivative in a squalane-in*water emulsion widi 1.0mgL141 andSOjigTNF- 
HEA. 

3 IgG antibody titer to TNP at day 28 ± SB of annnals inmuuuzed with the 
plus L141 raudsions of TNP-HEA. 

4 The synergy ratio is the anti-TNP antibody induced by LPS plus L141 
divided by that incfaiced by similar emulsion wit^ 

5 The LPS from £. coli 09 was fracdonated on a Bio-Gel P-100 column to yield 
firactions-I, -II, and -EL 

S=smooth; R=roug)i. 

The titers are nomialized fior iMs table to fiadfitate comparis^ 
results between experiments. A synergy ratio is calculated to evaluate the 
relative ability of the LPS preparations and derivatives to increase the IgG 
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antibody response over that expected when either agent is used as an adjuvant 
alone. The Uixicity of the immunogens containing LPS varied maricedly as 
judged by survival. The preparations with less than 100% survival generally 
produced scruffled hair and odier signs of endotOTon induced distress. Several 
of Ae preparations, howevo*, produced no mortality and little clinical sign of 
toxidQr. These included the monophosphoryl ]xpid A, lipid A derivatives, lipid 
X, fipid IVA, the detoxified Ra and the Rhodopseudomonas sphaeroides LPS. 
Ability of diese preparations to increase die antibody response over those 
produced by copolym^ L141 or the LPS preparation alone varied markedly 
among the LPS preparaticms used. Some of die preparations suppressed the 
immune response and odiers had Uttie effect Bbwever, those tiiat did increase 
antibody titers, produced increases which are sustained over the three month 
period of observation. A particularly promising preparation is die detoxified 
Ra-LPS dmvative which is a weak adjuvant by itself, but increased titers 
madcedly in combination witii copolymer L141. (Hg. 13) 

Antibody Isotype: 

The isotype of antibody is determined for several of the 
endotoxin dmvatives and fractions witii reduced toxicity. (Hg. 13 and 14). As 
expected, copolymer L141 by itself produced a predominant IgGl isotype 
antibody response with lesser amounts of IgG2a and 2b with only a trace of 
IgG3. The antigen injected widiout adjuvant produced no (tetectable antibody. 
The LPS derivatives had a variable effect on the productira of IgG 1 antibody. 
ThenetresuItistfieprcxiuction(tfapredoniinantIgG2resp^ Eveninusmg 
prq>arations which produced no enhancraient of antibody titers, there is a shift 
in iso^pes away from IgG 1 towards IgG2a and b. 

Example 18 

Animals: 

Six week old, fraiale, oudned ICR white mice are obtained from 
Charles River Breeding Laboratories (Raleigh, N.C.) and are allowed to 
acclimate in the flTtimal fricility for one week before immunizations. Food and 
water are available ad lifaitum. 
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Copolymers and Other Reagents: 

Synthetic block copolymers L121, L141, and L180^ arc 
obtained £rom CytRx GoipoEradon, Noraross, GA, die thiecHiyl derivative of 
nmran^l dipeptide (MDP) are obtained from Syntex Corporadon (Palo Alto, 
CA), and die Rhodopseudomonas sphaeroides LPS is obtained from Dr. Kind 
Takayama, VA Hosfntal (Madison, Wl). 

Malaria Pqnide and Peptide Cotyugadon: 

The peptide (NAGG)s is syndiesized at die Microchemistry 
Facility of Emofy University (Atlanta, GA) using a model 430A Peptide 
Synthesizer (Applied Biosystems, Inc.) and parity is evaluated by amino add 
analysis and HPLC (NAGG)5 is a tandem repeat fiom die drcomspoxozoite 
protein of the spoi02xnte of Plasmodium cynomdgi NIH strain 
the pq>tide (P) to bovine scrum albumin (BS A) or hen egg albumin (HEA) 
(Sigma Chemicai Co., Sl Louis, MO) is carried out using a modification of the 
one step glutaraldehyde-coupling method of Rougon et aL, 1984. Briefly, 
4x10-6 moles of the peptide dissolved in 0.8 ml PBS, pH 8.7 is mixed widi 
l.SxlO"'' moles BSA or HEA in 1.2 ml PBS, pH 8.7. To dus mixture, 2 ml of 
a 0.02 M solution of glutaralddiyde (Sigma Chemical Co., St Louis, Mo.) is 
added in aliquots of O.OS ml over 15 minutes at room temperature, with 
vortexing between additions. The mixture is rotated over night at room 
toxiperature on an orintal shaker (150 rpm). Unbound glutaraldehyde and 
pq>tide are removed by pasang the inbcture dniough a Sephade^ 
widiPBS,pH73. The P-BSA or P-HEA is collected in die void volume and 
stored at-20*C 

EUSA Assay for Andbodfy Titers andlsotype Quantitation: 

liters of antibody directed against die peptide aie obtained using 
a modification of die mediod of Saunders.30 Ninety six*wellmicrotiter plates 
(How Laboratodes, McLean, VA) are coated overnight at 4^C widi 0. 1 mVweU 
of a 0.(X)2 mgAnl solution of peptide conjugated to hen egg flih^tmin (P-HEA) in 
PBS, pH 7.3. All further incubations are carried out at room temperature. 
Antigen coated wells are blocked with 0.1 ml of a solution of 1% human 
albumin (Sigma Chemical Co., St Louis, Mo.) in PBS, pH 7.3 for 1 hour. 
After washing witii PBS, pH 73 widi 0.05% of die surfectant PLURONIC® 



wo 92/00101 



PCrAJS91/04716 



49 

F68 (poloxamer 188) 0.1 ml of serial 3-fold dilutions of plasma ficom 
immunized mice, are added to the wells in duplicate. Three-fold dilutions of 
mouse plasma firom non-immunized mice and a monoclonal antibody directed 
against the peptide, (NAGG)5, are also added in dupHcate as ELISA negative 

5 and positive controls, req)ectively. The plates are incubated for 1 hour, at 200 

ipm on an orbital shaker. After washing, 0.1 ml of a peroxidase conjugated 
goat anti-mouse IgG, IgG 1, IgG2a, or IgG2b diluted 1:2000 or anti-lgG3 
(RsherBiotech, Orangeburg, NY) dfluted 1:1000 are added to each weU and 
incubated for 1 1/2 hours, at 200 ipm. After washing again, 0.1 ml of 2.5 

10 mg/ml ortiiophenylene diamine (Sigma Chemical Co., St Louis, Mo.) and 

0.03% hydrogen peroxide (Sigma Chemical Co., St Louis, Mo.) in citrate 
buffer, pH 5.0, are added to each well, incubated for 15 minutes, and tiie color 
reaction is stopped witii 2.5 M sulfuric acid. The absorbance at 490 nm is 
determined using a BioRad Microplate Reader and the titers are determined by 

15 regression analysis, using die dilution resulting in an absorbance value of 1. 

Isotype quantitation is done by converting die ELISA titers to nanograms per 
milliliter plasma of each subclass by referring to a standard curve. Ten 
micrograms per ml of a polyclonal goat anti-mouse IgG (Fisher Biotech, 
Orangeburg, NY), diluted in PBS, pH 7.3, is used to coat die wells of a 96 

20 well microtiter plate. Washing, blocking, and incubation times are die same as 

diose in die ELISA assay above. Dilutions of mouse myeloma proteins of each 
isotype (Sigma Chemical Co., St Louis, Mo.) are used as standards. A goat 
anti-mouse iso-type-spedfic horse radish peroxidase conjugate (KsherBiotech, 
Orangeburg, NY) is used to determine the absorbance of die standards at 

25 concentrations of 119 ng-0.03 ng. The concentrations of iso-type-specific 

standards, resulting in an absorbance value of 1, are determined fiom standard 
curves of the absorbance (490 nm) vctsus the concentration, by regression 
analysis. The conc«itrati<Hi of peptide-spedfic isotype at an absorbance of 1, is 
niultq)lied by die ELBA titer at an absorbance of 1, to give die concentrations in 

30 ng^ociL 

Flagdia Preparation: 

Salmonella typhi, strain TY2 (^e 29), is obtained from die 
American Type Culture Collection. Rrozen stock cvdtures are grown on Tiyptic 
35 Soy Agar plates (Difco Laboratories, Detroit, Ml) and passaged 4-5 times 
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through 03 % Tryptic Soy Motility Agar, The highly motile bacteria are 
selected because they produce the most flagella. Organisms are inoculated into 
Tryptic Soy Broth and incubated at 37°C for 6 hours* Aliquots of the broth 
suspension of bacteria are inoculated onto Mueller Ifinton Agar plates (Carr 
Scarlborough) incubated at 37°C for 16 hours. The cells are harvested off the 
plates with PBS containing 0.1% thimerosal (Sigma Chemical Co., St Louis, 
Mo.). The flagella are removed from the cells by vigorous shaking for 20 
minutes in a mechanical shaker (Red Devil Paint Shaker) artd sq>arated from the 
cell bodies by differential centrifugation as follows: the cell bodies are pelleted 
by centtifiigaticHi at 6000 x 9 for 30 minutes in a Sorvall RC-5B refrigerated 
Supcrspeed CIratrifuge (DuPont Instnmxwits) with a OS A rotor, followed by 
centrifugadon at 1 6,000 x 9 for 1 0 minutes to pellet broken cells and olfaa small 
debris. Flagella are then pelleted at 90,000 x 9 in a Beckman L8-70M 
ultracentrifiige with a SW27 swing bucket rotor, resuspended in thimerosal- 
PBS, repelleted, and resuspended in thimerosal-PBS. Protem concentraticm is 
determined by Lowry's Protein Determination.^^ Aliquots of 5.2 mg/ml 
fla^Ua are fiozm at *70°C 

Flagella Conjugaiion: 

Conjugation of Ae peptide to Salmonella flagella (P-flagella) is 
performed using an adaptation of the two step glutaraldehyde-coupling 
procedure of Liang effl/.32 The pq>tide (1.5x10-7 moles) dissolved in 1.2 ml 
PBS, pH 8.7, are treated with an equal volume of 0.02 M gluteraldehyde, 
added in aliquots of 0.05 ml with vortexing between additions, and allowed to 
rotate over night at room tenq)erature on an orbital shaker (150 rpm). After 
ovemi^t dialysis against PBS at 4°C to remove unreacted glutaraldehyde, 
either 4x10-6, 2x10-6, or 1x10-6 moles of peptide in 0.8 ml PBS, pH 8.7, 
representing peptide to flagella molar ratios of 26:1, 13:1, and 6.5:1, 
respectively, are added to tfie didyzed flagella. llie xxiixture is rotated ov^ 
at room temperature. Unbound peptide is separated from flagella by 
ultracentrifugation at 90,000 x 9 for 1 hour in a Beckman L8-70M 
ultracentrifuge with an SW27 swing bucket rotor. The flagella pellet is 
resuspended in PBS, pH 7.3, recentrifuged, resuspended in PBS, followed by 
the additicm of 0.02 M lysine (Sigma Oiemical Co., St Louis, Mo.). This is 
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allowed to react over night at 4*'C, followed by recentrifugation, and 
resuspension in 2 ml PBS. 

Emulsiorts and Mode cflmmumzadon: 

5 Groups of 5-8 mice are immunized with oil-in-water emulsions 

containing a mixture of 2% squalane (Sigma Oienrical Co., St Louis, Mo.) and 
PBS, pH 7.2 with 0.2% Tween-80 (Sigma Chemical Co., St Louis, Mo.). 
When present, copolymer adjuvants L121 or L141, are at a concentration of 1 
mg/ 0.04 ml, R. sphaeroides LPS at 0.1 mg/0.04 ml, and lyophilized peptide or 

10 PBSA at 0.1 mg/0.04 ml or P-flagella at 0.05 mg/0.05 ml. AU emulsions arc 

prepared with the same concratrations except for one experiment where the P- 
BS A is present at 0.05 mL The lyophilized antigen is mixed for 2 minutes witii 
squalane and copolymer in a 2 ml glass homogenizer with a motorized pesde. 
The aqueous phase and additional adjuvants are added to the oil phase and 

15 emulsified for an additional 2 minutes for all ejqjerimwits except one, where the 

P-BS A or P-flagella is not lyophilized but added in PBS to die aqueous phase. 
Eitfier 0.04 ml of wnulsion containing 0.1 mg P-BSA is injected into a single 
hind footpad, or 0.025 ml P-BSA or P-flagella (0.05 mg/ml) is injected into 
each hind footpad. In an experiment comparing routes of immunization, 0.1 mg 

20 P-BSA in either 0.04 ml of a squalane-in-water emulsion, with and without 

L121 or L141, is injected into a single hind footpad (FP), or in 0.2 ml of 
emulsion IP or SC All mice arc given a second immunization on day 29 witii 
either Ae same amount of die identical formulation, antigen and L121 in an oil- 
in-watcr emulsion, or antigen in PBS. In a single experiment, three groups of 

25 mice are given a third immunization with P-BSA in an oil-in-water emulsion 

containing L12L Most groups of mice are bled from die retro-orbital plexis into 
heparinized mbes on days 0, 10, 28, and 36 aftor primary unmunization. In die 
time course e3q>eriment, plasma is collected on days 10, 28, 60, 90, 97, 111, 
141, 171, 201, 2(^7, and 214 after primary immunization. Plasma from each 

30 mouse is assayed individually by ELIS A and the means and standard errors are 

determined for each group. 
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Example 19 

Eight mice per group are inununized with .0.1 mg peptide or 
peptide-BS A emulsified in 2% squalane-in-water, widi or witiiout copolymers 
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Bnd/arR. sphaeroides LPS at OA mg per mouse. All mice are given a seomd 
iTnTminiTation at one month and plasnaa is collected after one weeL Assays for 
peptide-specific total IgG and IgG isotypes are performed as described 
hereinabove. Total IgG antibody titers are shown as the mean ± SEM of each 
gxonp. The results are summarized in Table 2. 



Table 2 



Peptide 


Titer Isotype (%) 

IsG IgGl IgG2a IgG2b IgG3 


33 


100 


0 


0 


0 


Pteptide-BSA 


2205±1732 


99.3 


0 


0.7 


0 


+R. sph-LPS 


7529±1996 


96.8 


0.1 


2.5 


6.6 


+L121 


1724Qt3156 


83.4 


2.4 


12.4 


1.8 


+L141 


17641±7527 


86.2 


9.1 


4.6 


0 


+L121+LPS 


1310at2384 


66.2 


8.0 


24.7 


0.2 


+L141+LPS 


48435±13283 


51.4 


6.8 


39.1 


2.8 



Malaria peptide alone produced a barely detectable response 
which is 100% IgGL Peptide conjugated to BSA produced an almost 2 log- 
higher IgG response, nearly all of which is IgGl, with less than 1% IgG2b. 
Addition of LPS to peptide-BS A produced a 3.4 fold increased in total IgG, 
most of which is IgGl, witii 2^% IgG2b and barely detectable levels of IgG2a 
andIgG3. Addition ofdtherccq)olynier to peptide-BSA produced over a 7 fold 
increase in total IgG and significant amounts of IgG2b and IgG2a. With L121^ 
small amounts of IgGS are also present 

When LPS is added with L121 and peptide-BSA, the proportion 
of IgG2b is neaiiy doubled and the IgG2a increased to 8% of total IgG, 
although the total IgG titer is slightiy less tiian witiiout LPS. L141 and LPS 
showed synergy, both witii respea to producing nearly a 3 fold increase in total 
IgG titer and in tiieir influence on subclass distribution. Tlie proportion of 
IgG2b increased more than 8 fold above that with L141 alone, rising to over 
39% of total IgG. Significant amounts of IgG2a are present, and this adjuvant 
combination produced a proportion of IgG3 of 2.8%. 
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Example 20 

Effect of Hapten Density on the Distribution ofIgG Isotypes: 

The effect of different molar ratios of peptide per flagellin 
monomer, using dry preparations with L121 is examined. Groups of mice are 
inmmnized with emulsions containing 0.05 mg pepdde-flagella at molar ratios 
of 26:1. 13:1, and 6.5:1 distributed into both hind footpads. The mice are 
boosted at one month with peptide-flagella of Ae same hapten density dissolved 
in saline. Plasma is collected after one week and assayed for concentrations of 
peptide-specific IgG isotypes. 

Oianges in the molar ratio of peptide to flagella influenced both 
die intensity of die IgG antibody response and die isotype distributicm (Fig. 
19). Increasing the molar ratio increased the total IgG concentration 6-fold 
between 6.5:1 and 26:1 and significandy changed the isotype pattern. Flagella 
witii a 26:1 peptide ratio induced 11% IgGl, 43% IgG2a, 17% IgG2b and 29% 
IgG3. Reducing the peptide ratio to 13:1 almost exclusively affected IgG3, 
decreasing its prop o rtion to 4%. Lowering the ratio to 6.5:1 eliminated IgGl 
and IgG3 and reduced die concentration of IgG2a. 

Example 21 

Animals: Seven to ten week old female ICR (outbred) mice 
from Charles River Laboratories are used as test animals. All copolymers are 
obtained from CytRx Corporation, Atlanta, GA. TNP-HEA (Sigma Chemical 
Company, St Louis, MO) is prepared according to die procedure in Methods in 
Inummology?'^ 

Emulsion Preparation: Emulsions are 1 ml final volume and an 
0.04 ml injection volume. Add indicated amount of TNP-HEA Oyophilized), 
0.05 mgAnouse. Add 2% squalane in saline. Add indicated amount of 
copolymer at an amount of 1.0 mgAnouse. Homogenize the mixture for 2 
ntinutes. Quantity sufficient to 1 ml using PBS/Tween-SO (0.2%). 
Homogenize for approximately 2 minutes at room temperature 

Injections: Mice receive initial subcutaneous injection (0.04 ml) 
in hind footpad. A booster is given on day 90 in some cases— 
Antigen+Copolymer. 



54 



Foopad Measurements: Baseline measurecoents are made prior 
to injections. Following injections, measnien^ts are made at specific time 
points until inflammation subsides. 

Blood Collection: Blood for plasma antibody detection is 
collected at specific time points throughout die course of the study. This is 
done via retro-orbital plexus using heparinized Natelson tubes. Samples are 
centiifuged for 15 minutes at 2500 ipm. Serum is stored at -70 C 

Table 3 



Copolymer MW %PO IgG Antibody Titers 

E 

POP Day 28 Day 97 


LlOl 


«3250 


-10 


24875 ±8751 


267919±82631 


L121 


«4000 


»10 


11828 ± 4407 


209891±120490 


L122 


=4000 


«20 


184 ±45 




L141 


=4600 


»10 


112431 ±22728 


510272±125563 


L180^ 


«5200 


=5 


307863±66575 


360072±77470 


L181.5 


=5200 


«15 


6715 ±1604 


152367 ± 33649 


P182.5 


=5200 


-25 


1500 





Groups of five to ten mice are inonmnized with TNP-HEA in a 
2% squalane-in-water emulsion containing 1 mg of each of the copolymers 
shown in Table 3. The time course of tfie antibody responses are sumlar in 
each of the groups. Tlie titers peaked at qypioxiniatdy one niontfa after inject 
and perasted for several months. The animals are boosted after three inonths. 
There are bled again one week later. The copolymers with 10% 
I>oIyoxyetfaylene and molecular weights of polyoxypropylene equal or less tiian 
4600 induced strong immune responses. The larger preparations with 
polyoxypropylene molecular wdghts of 5200 are effective adjuvants only with 
a smaller proportion of polyoxyethylene. The preparations with larger portions 
of polyoi^ethylene are much less effective. 

Example 22 

The following example compares one of the formulations 
conteiiq>lated as part of the present invention with prior art adjuvants. The 
formulation has the following general fommla: 
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Component 


Concentration by 
weight 


Squalene 

Span 80 (Sorbitan monooleate) 
Silica (5 petioles) 
PLUR0NIC®L141 


85% 
10% 
1% 
4% 



Silica and copolymer are combined first and mixed thoroughly 
until silica is completely coated with the copolymer. Then the Span 80 and 
5 squalene is added and mixed for ^proximately 45 min with a magnetic stirrer. 

Prq)are a water-in-oil emulsion with 50% water with the antigen is in the water. 

Other adjuvants that are used in this example include RAS from 
Ribi Immunochem Research, Inc. Hamilton MT. ADJUVAX™, Alpha-Beta 
Technology, Inc. Worcester, MA and Freund's Complete Adjuvant (Sigma 
10 Chemical Co. St Louis, MO. All adjuvants were prepared according to the 

manufacturer's instructions and administered as indicated. 

Groups of female New Zealand White rabbits (N=4) were 
immunized with a peptide protein conjugate Guteinizing hormone releasing 
hoimone-bovine serum albumin, LHRH-BS A) as follows: 



Adjuvant Administration 


Present 
invention 
(boosted) 


50 ^g of antigen intramuscularly (IM) in each hind flank (25 fig 
andgenHStd emulsion x 2 injections) on day 1 




50 ^g of antigen intramuscularly (IM) in each Mnd flank (25 
antigen/25 iJl emulsion x 2 injections) on day 28 


Present 
invention 


50 ^g of antigOT intramuscularly (IM) in each hind flank (25 ^g 
antigen/25Ul emulsion x 2 injections) on day 1 only 


Freund's 
Adjuvant 


50^g of antigen intramuscularly (IM) in each hind flank (25 /ig 
antigen/250 jil emulsion x 2 injections) on day 1 in complete 
Freund's adjuvant 


ADJUVAX™ 


50 ^g of antigen emulsified and injected according to 
manufacturer's instmctions: 50 ^g of antigen subcutaneously (SQ) 
in 2 sites (25 tig antigen/200 adjuvant x 2 injections) on days 1, 
28 and 35 


RAS, Ribi 


50 iig of antigen emulsified and injected according to 
manufacturer's instruction. 50 ^ig antigen/1 ml emulsion as 
follows: 

OJ ml intradermal (50 /Ux 6 sites) 

OA ml intramuscular (02 ml/ each hind flank) 

OJ ml subcutaneous in neck region 

02 ml intraperitoneal on days I and 21 
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The anti BSA antibody titer at 14, 28, 42 and 56 days for each 
of the adjuvants is shown in Rg, 20. As can be seen in Fig, 20, on day 56, the 
fomalation according to die present invention produced titers that were 3 to 4 
times that of Freund's Complete Adjuvant The volume of the fomulation 
according to the present invention is only one fifth the injected volume of 
Freund's Adjuvant The formulation according to the present invention is 
significantiy less toxic than Freund's complete adjuvant In otiier species, the 
immune response seen with the fomulation according to ihe present invention 
was at least equal to or grea^ than that seen with Freund's. 

Example 23 

Copolymer LI 80.5 is found to have surprising physical 
properties which make it an effective adjuvant without oiL The copolymer is 
insoluble at room temperature, but is soluble at refrigerator (w4®C) 
temperatures. Unlike die smaller adjuvant molecules such as LlOl, L121 and 
L141, the insoluble form at room tenxperature is a small particulate stable 
suspension. The smaller copolymers all form unstable suspension which 
coalesce into large amorphous masses. Such preparations are poor candidates 
for vaccine adjuvants. The following Example demonstrates the ability of 
copolymer 180.5 to serve as an adjuvant by itself, or in combination with 
detoxified Ra-LPS witiiout oil. 0.1 ml of TNPiQ-HEA (25 mgtol) is mixed 
with 0.4 ml of copolymer L180.5 (125 mg^). The mixture is placed in the 
refrigerator until die copolymer goes into solution. It is then removed and 
warmed to room temperature slowly to facilitate the binding of antigen to the 
copolymer i>articles. A similar preparati<m was prepared identically except diat 
an qjpropriate amount of detoxified Ra-LPS is added. Groups of 6 mice are 
immunized in therear foot pad widi 50 ng of TNPio-HEA, 1 mg of copolymer 
180.5 and 10 ^g of LPS. Some of the groups are boosted with sinular 
injections at day 18. Tlie are bled for antibody determinations on days 24 and 
72. The results are summarized in Table 4: 
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Table 4 

IgG Antibody Titers 



Adjuvant 


Day 24 


±SE 


Day 72 


±SE 


L180.5 


184 


±80 


462 


±288 


L1803 boosted 


1155 


±255 


577 


±274 


LPS 


387 


±18 


413 


±158 


L180^ + LPS 


80136 


±19207 


51869 


±18571 


None 


<20 




<20 





The copolymer without oO induced a persistent and moderately 
strong primary and secondary andbody response. In the presence of LPS, the 
copolymer primed animals for a very strong secondary response. Similar 
injections of antigen without adjuvant failed to induce detectable primary 
responses and only very weak secondary responses. 



Example 24 

In another experiment, animals are immunized with 10^ whole 
killed blood stage parasites of a mouse malaria (Plasmodium yoelii) in adjuvants 
containing 1 mg of copolymer L180.5 by itself or with 10 ^g of detoxified Ra- 
LPS or squalane-in-water emulsions of 1 mg of copolymer L180.5 by itself or 
with 10 ^ig of detoxified Ra-LPS. The squalane, copolymer, LPS and antigen 
are combined in a homogenizer before adding 0.5% Tween 80 saline to form a 
oil in wato* emulsion. Animals are boosted on day 35 and challenged with 10* 
virulent blood stage Plasmodium organisms on day 70. The control animals 
and those immunized with die antigen in Ereund's complete adjuvant developed 
progressive malaria infections. Animals immunized with the antigen in any of 
the four adjuvants containing LI 80.5 with or without LPS were protected. 
Protection is defined as parasitemia less than 10% of the red blood cells and 
falling at 14 days after infectioiL 

Protection correlated with antibody of the IgG2a isotype to 
epitopes on the surface of the parasites. This study demonstrates tiiat adjuvants 
contaiiung the copolymer witii or without oil or LPS arc able to induce 
protective immune responses to malaria and are more effective than Ereund*s 
complete adjuvant They also induce high antibody titers. 
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Example 25 

Expeximeats were done with a recombinant protein of human 
immunodeficiency virus (Gpl20 of HIV). Mice arc immunized with 25 ^ig 
Gpl20 in squalane-in-water or no oil formulations of 1 mg copolymer LI 80.5 
with or without 10 ^g detoxified RaLPS. The squalane, copolymer, LPS and 
antigen are combined in a homogenizer before adding 0.5% Tween 80 saline to 
form a oil in water emulsion. All groups are boosted once on day 28. The 
titers to Ae HIV protein on day 42 are shown in the following Table 5: 
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Table 5 



Adjuvant 


Day 42 


±SE 


ofvf L180 J 


6767 


3689 


O/WL180.5 + LPS 


63818 


18226 


L180.5 


7023 


3100 


L180.5 + LPS 


26429 


21395 


none 


4217 


2216 



15 



20 



25 



Example 26 

Twopreparaticmsof RaLPS were prepared. One was detoxified 
by treatment for 30 minutes with borate. The seccmd was detoxified by 
treatment for 7 hours with borate. Groups of 6 female ICR mice were 
immunized with 50 ^g of each RaLPS in an oil and water onulsion of 50 
TNPioHEA, one mg copolymer L141, 5 mg of squalane which was 
suspended in 0.5% Tween 80 saline. The squalane, copolymer. LPS and 
antigra are conabined in ahonsogenizerbefore adding 0.5% Tween 80 saline to 
form a oil-in-water emulsion. The injection volume was 50 ^1 per animals. 
The animals were bled at intervals for IgG antibody titeis measured by ELISA. 
As shown in Hg. 21, the mildly detoxified preparation of LPS produced a 
higher early response while the more extensively detoxified preparation 
produced modest increase early but a sustained production comparable to the 
partially detoxified LPS preparation or fully toxic LPS preparation. TMs is in 
striking contrast to previous studies with MPL and other LPS preparations 
without core polysaccharides which produced early increase in titers but 
suppressed titers late as compared with the eomlsion without LPS. 
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Example 27 

Animals were immunized with formulations identical to those 
described in Example 26 with doses of mildly or extensively detoxified RaLPS 
of 0.1, 0,05, 0.025, and 0.01 ^g. Animals were bled for detmnination of IgG 
isotypes on day 28. As shown in Fig. 22, all doses of both preparations 
pnxtaced increases in all isotypes. Hie increase in IgG2a was dose dependent 
on the mildly detoxified RaLPS. The increase in IgG2b was partially dose 
dependent, while that in IgGl was relatively independent of dose within the 
range tested. Surprisingly, the high dose of extensively detoxified produced a 
p attem of Isotype changes comperable to that of the lowest dose of the partially 
detoxified RaLPS. This demonstrates that the modulation of isotype can be 
controlled or optumzed for particular applications by either the dose or extent of 
detoxification of the LPS. 

Example 28 

Experiments were done to test the adjuvant activity of LPS from 
Pseudomonas which inherenfly has low toxicity. This low toxicity may be due 
to flie fact that the LPS from Pseudomonas has been reported to have only 5 
fatty acids which have a carbon chain length of 10. LPS was isolated from 
Pseudomonas aeruginosa by standard procedures. A saiiq)le of the LPS was 
detoxified by treatment witii TEA as described previously. Groups of 6 ICR 
female mice immunized witfi 50 ^ig of LPS, 50 ^lg TNPiqHEA. one mg 
copohner L141, 5 mg of squalane which was suspended in 0.5% Tween 80 
saline or similar emulsions without die L141 or without Ae LPS as indicated in 
Fig. 23. The squalane, copolymCT, LPS and antigen are combined in a 
homogenizer before adding 0-5% Tween 80 saline to form a oil in water 
emulsion. The LPS was a weak adjuvant by itself but produced striding 
synergy when combined with L141 especially for the IgG2a and IgG2b 
isotypes. It functions similarly to the mildly detoxified RaLPS in Example 27. 
The detoxified Pseudomonas LPS functions similarly to the extensively 
detoxified RaLPS in Example 27. 
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Example 29 

LPS was purified firom the gelatinosa which is inheiendy 
intermediate in toxicity. Groups of 6 ICR female mice immunized with SO 
of LPS, 50 ^lg TNPioHEA. One mg copolmer L121, L141, L180 J. 5 mg of 
squalane which was suspended in 0^% Tween 80 saline. The squalane, 
copolymer, LPS and antigen are combined in a homogenizer before adding 
0.5% Tween 80 saline to form a oil in water emulsion. As indicated in Fig. 24, 
the copolymers L121 and L180.5 induce responses similar to those shown for 
L14L The combination of R gelatinosa LPS with each of these copolymm 
produced large increases in IgG2a and IgG2b isotypes, but a small or no 
increase in IgGl. Furthermore, copolymer L180.5 was the nx>st efifective. 

Example 30 

Groups of 5 Rhesus monkeys were immunized with an 
antisporozoite malaria vaccine consisting of a synthetic peptide (NAGG)5 
conjugated to diphtheria toxoid, copolymer 180.5 and detoxified RaU^S. Hie 
squalane, copolymer, LPS and andgm are comMned in a homogenizer befoare 
adding 0.5% Tween 80 saline to form a oil in water emulsion. The animals 
were give three subcutaneous injections at two week intervals each consisting of 
100 ^g of peptide conjugate, 100 |ig of RaLPS, 5 mg copolymer 180*5 in a 2% 
squalane in water emulsion. All animals demonstrated high IgG antibody titers 
(OD approximately 3 at a 1 to 500 dilution by ELISA). Antibody titers by 
immunofluorescence against surface epitopes of sporozoites demonstrated a 
mean IgG antibody titer of 10,0000. Local reactions at die site of immunization 
were not detectable at two weeks after immunization and there was no evidence 
of systemic toxicity. 

It should be understood that the foregoing relates only to a 
preferred embodiment of the presrat inventbn and that numerous modifications 
or alterations may be made without departing ftotn the spirit and scope of the 
invention as set forth in the appended claims. 
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CLAIMS 

1 . A vaccine adjuvant comprising a surface-active copolymer with 
tbe following formula: 

HO(C H O) (C H O) (C H O) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 
wherein the molecular weight of the hydrophobe (C3H6O) is between 
approximately 4500 to 9000 and the percentage of hydrophile (C2H4O) is 
betwera ^proximately 3% and 15% by weight 

2. TTie vaccine adjuvant of Claim 1, whCTcin said surface-active 
copolymer has the following famtuila: 

HO(C H O) (0 H O) (C H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 

approximately 5200 and the percentage of hydrophile (C2H4O) is 

q)proximately 5% by weight 

3. The vaccine adjuvant of Claim 1, wherein said surface-active 
copolymer has the following f omuda: 

HO(C H O) (C H O) (0 H O) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 
wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 5200 and the percentage of hydrophile (C2H4O) is 
q^ITOximately 15% by weig^ 
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4. Hie vacdne adjuvant of Claini 1, wherein said surface-active 
copolymer has the following f ommla: 

HO(C H O) {C H O) (C H O) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 
wherein the molecular weight of the hydrophobe (CsHgO) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
^^proximately 10% by weight 

5 . A vaccine adjuvant comprising a non-toxic lipopolysaccfaaride. 

6. The vaccine adjuvant of Claim 5, wherein the non-toxic 
lipopolysaccharide is a lipopolysaccharide wherein the sugar portion of the 
molecule is intact and the lipid A portion of the molecule has been modified 
thereby rendering the lq>opolysaccharide much less toxic* 

7 . The vaccine adjuvant of Claim S, wherein the lipc^lysaccharidc 
is isolated firom Rhodopseudomonas species. 

8. The vaccine adjuvant of Claim 7, wherein the 
Rhodopseudomonas species is selected from the group consisting of R. 
sphaeroides, R, acidophilia, R. blastica, R. gelatinosa, R. capsulata, ft. 
palustris mi R.viridis. 

9. The vaccine adjuvant of Claim 5, wherein the non-toxic 
lipopolysaccharide is a detoxified lipopolysaccharide. 



wo 92/00101 



PCT/US91/04716 



65 

10. A vaccine adjuvant comprising an effective amount of a 
lipopolysaccharide and an e£fective amount of a surface-active copolymer, the 
surface-active copolymer having the following formula: 

H0<C^H^O)^(C^HO),(C^H^O)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is between 
approximately 3000 to 9000 and the percentage of hydrophile (C2H4O) is 
between jpproximately 3% and 15% by weight 

11. The vaccine adjuvant of Claim 10, wherein the 
lipopolysaccharide is a ncm-toxic lipopolysaccharide. 

12. The vaccine adjuvant of Qaim 11, wherein the non-toxic 
lipopolysaccharide is a lipopolysaccharide wherein the sugar portion of the 
molecule is intact and die lipid A pordon of the molecule has been modified 
thereby rradering the lipopolysaccharide much less toxic. 

13. The vaccine adjuvant of Qaim 11, wherein the non-toxic 
lipopolysaccharide is isolated finom Rhodopseudomonas spaies. 

14. The vaccine adjuvant of Claim 13, wherein the 
Rhodopseudomonas species is selected from the group consisting of R. 
sphaeroides, R. acidophilia, R. blastica, R. gelatinosa, R. capsulata, R. 
palustris and R. viridis. 

15. The vaccine adjuvant of Claim 10, wherein the non-toxic 
lipopolysaccharide is a detoxified lipopolysaccharide. 
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16. The vaccine adjuvant of Oaim 10, wherein the surface-active 
copolymer has the following fcmnula: 

HO(C H O) (C H O) (C H O) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 
wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 5200 and the percentage of hydrophile (C2H4O) is 
appraximately 5% by weight 

17. The vaccine adjuvant of Claim 10. wherein the surface-active 
copolymer has die following formula: 

HO(C H O) (C H O) (C H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 ^b 

wherein the molecular weight of the hydrophobe (C3H6O) is 

approximately 5200 and the percentage of hydrophile (C2H4O) is 

approximately 15% by weight 

18. The vaccine adjuvant of Claim 10, wherein the surface-active 
copolymer has die following formula: 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 
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19. Hie vaccine adjuvant of Claim 10, wherein the surface-active 
copolymer has die following fomiula: 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4000 and the percentage of hydrophile (C2H4O) is 
^jproximately 10% by weight 

20. The vaccine adjuvant of Claim 10, wherein the surface-active 
copolymCT has the following formula: 

HO(C H O) (C H O) (C^H O) H 

^ 2 4 3 6 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 3250 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 

21. An adjuvant comprising: 

a. oil 

b. a non-ionic surface active agent suitable for forming water- 
in-oil emulsions 

c. sdlica 

d. a surface active copolymer comprising: 

H0(C^H^0)^(C^H^0)^(C^H^O)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the percentage of 
hydrophile (C2H4O) is between approximately 3% and 15% by 
weight 

22. The adjuvant of Claim 21, wherein the oil is an animal oil. 

23. The adjuvant of Qaini 22, wherein the animal oil is squalane. 
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24. The adjuvant of Qaim 21, wherein the non-ionic surface active 
agent is sorbitan monooleate. 

25. The adjuvant of Claim 21, wherein the copolymer has the 
following formula: 

HO(C H O) (C H O) (C H O) H 

wherein the molecular weight of the hydrophobe (CsHgO) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by wdght 

26. A method of increasing tiie immune response in a human or 
animal to an antigen couqnising the steps of: 

a, admixing the antigen with an adjuvant, the adjuvant 
comprising: 

i. oil 

ii. a non-ionic surface active agent suitable for forming 
water-in-on emulsions 

iiL silica 

iv. a surface acdve copolymer coznprising: 
HO{C H O) (C H O) (C H O) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 
wh^ein the molecular \^ght of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the percentage 
of hydrophile (C2H4O) is between approximately 3% 
and 15% by weight 

b. administering the adnoixture of antigen and adjuvant to the 
human or animal 

27. TTie mediod of Qaim 26, wherein the oil is an animal oO. 

28. The inethod of Claim 27, wherein the aiiimal oil is squalane. 

29. The method of Claim 26, wherein the non-ionic surface active 
agent is sorbitan monooleate. 
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30. The method of Qaim 26, wherein the copolymer has the 
following fonnula: 

HO(C H O) (C H O) (C H O) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 
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